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PEEFACE. 



Although there are at the present time, in addition to the special 
accounts in various text-books of Human and Comparative Ana- 
tomy, two Students' Manuals in the English language solely devoted 
to the study of Embryology, it has appeared to me that a relatively 
small work, giving a general review of the subject, might prove 
of use to students. 

A knowledge of the main facts of Comparative Anatomy and 
Systematic Zoology has been assumed for the reader, the book 
being especially designed for Medical Students, or for those 
who already possess a general acquaintance with the Animal 
Kingdom. 

It will be noticed that many of the more difficult problems of 
Ontology and Phylogeny and special modes of development have 
either been merely alluded to or entirely ignored — as, for instance, 
the segmentation of the ovum and the formation of the germinal 
layers in Insecta and Teleostei. This has been of set purpose, 
as my main object in writing this book has been to give a brief 
connected account of the principal organs, omitting or barely 
mentioning structures and phenomena, which may be regarded as 
of secondary importance. 

The facts of development have been largely supplemented by 
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hypotheses ; &nd an endeavour has been made so to preaent t 
latter, that the student could not mistake them for the former. 

It U inevitable that, in compiling such an introductory text- 
book as this, many subjects must be treated in a manner similar 
to that in which they have been dealt with by previous authors ; 
and therefore I have not hesitated to borrow from them when 
occasion required. 

In order to facilitate references, very recent, important, or 
doubtful observations have been associated in many cases with 
the investif^tor's name. It must be distinctly understood that I 
do not necessarily personally adopt statements or views which 
have been incorporated in the book; they are merely put forward 
for what they are worth. 

The beginner is advised to pay attention only to the large 
type in the first reading, as purely theoretical subjects or matters 
of detail are printed in the smaller typo. Most of the figures 
have been so drawn as to admit of their being coloured ; and the 
Btndent is recommended to tint each germinal layer and the 
organs derived from it in a uniform manner throughout the 
book : thus the epiblast and its derivatives might be coloured 
pink, and the hypoblast tinted blue, A uniform system of 
colouration will be found to be of great assistance to the 
memor;. 

The sources from which the figures have been taken are in all 
caaes acknowledged, and in the cases whore no source is given 
the illustrations are original. Figs. 40, 41, 44, 45, 80, 81, 
and 178" have appeared previously in the Proceedings of the 
Boyal Dublin Society. 

The classification adopted will be found in on Appendix. All 
the genera mentioned in the text have been inserted, in order 
that their systematic position may be seen at a glance. 



PREFACE. IX 

A Bibliography has also been appended, which is designed to 
serve simply as a guide to the more recent literature, and no 
attempt has been made to render the list exhaustive. It will be 
noticed that most of the Memoirs cited are of later date than the 
year 1880. The more important earlier papers are recorded in 
the late Professor Balfour's "Treatise of Comparative Embryology." 
As any student who seriously studies Embryology must consult 
that invaluable work, I have considered it superfluous to repeat 
the Bibliography given by Balfour. The prevalent custom of 
authors of giving references to the literature of the subject under 
discussion renders it comparatively easy to discover what has 
already been written thereon. 

Finally, I would here express my warmest thanks to my friend 
Professor 6. B. Howes, of the Normal School of Science, South 
Kensington, for his kindness in reading the proofs and in making 
many valuable suggestions. 
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growth, pp. 278, 279. Reproduction asexual and sexual, 
p. 279. Nature of sex, pp. 279, 280. Oogenesis and 
spermatogenesis, p. 280. Fertilisation, p. 280. 
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Fig. 164. DiAGEAMMATic Outlines of the Early Arterial System of 
A Mammal Vertebrate Embryo. [After Alien Thonuon.} 

Fig. 165. Diagram of the Embryonic Vascular System. [Front Witder- 

tkHm.] 
Fig. 166, Diagram op the Circulation of the Yolk-Sac op the Fowl 

AT THE End of the Third Day op Incubation. \From Foster and 

Balfour.] 
Fig. 167. DlAORAHS OP THE AORTIC ARCHES OF A MAMMAL. [From Landoit 

and Stirling afitr Bathkc] 

Fig. 168. Diagram Illustrating the TRANSFonuATiONs OP the Aortic 
Arches in a Lizard, A ; a Snake, B ; a Bikd, C ; a Mammal, D. 
8een from below, [From Mivart after Raikke.]] 

Fig. 169. Diagram of Three Stages in the Development op the 
Venous Cikculation of the Fowl. [After Balfoiir.] 

Fig. 17a Diagram of the Arrangement of the Principal Vessels ra 
A Human Fietcs. [From Claia after Ecker.] 

Fig. 171. Diagrams Illustrating the Development op the Great 
Veins in Mammals. [From 0«aiii after Kolliker.] 

Fig. 171. Venous Circulation in Mammalian Embryo. [From Landoit 

and Stirling.] 
Fig. 173. Pronephros of Ichthyopsida. A. Bombiuator [after Gottc]; C. 

Tront [after Balfour] ; D. LepidosteuH [after Balfour and Parker], 
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I Fig. 175. Thamsverse Section through thh Trcnk of a Younq Embkvo 

ElasHOBRAxcH (ScylliunO- [From Bal/our.] 
tPig. 176. Trassvkrsb Section through the Trunk of a Duck Embrto 

WITH ABOUT TWEKTY-FOUR HeSOBLASTIC SoUITES. [/i-oi» Bal/our.} 

Pig. 177. Earlv Stages in thb Dbvelopmext of the Wolffian Bodv 
IK THE Fowl. [A/ter Scdifwici.] 

Fig. 178, DeTRLOPMEKT of METANEPHIiOS IN THE FoWL. [Adapted Jrcm 
Sedgieick.] 
I Ilg. 17S*. Transverse Section of Embryo Rabbit, 4 mm. in lengtb : 

■togo of sixt«eu BDIuilO*. [After FUmmimj.] 

I 7ig. 179. Various Forus or Mamualian Uteri. A. Omithorhyuchua 
[aJUr OaitH\. B. Dlilelphya doraigera [after Braat\. C. PtMlNUgista 
rulpioa [a/(rr Brau]. D. Double utema and vagina; Human anomsly 
{afUr Farrt]. E. Lvpas cunioolus (Habbit), olenu duplex {ajitr T. J. 
FarktT'y F. Uterns liicornis. G. Uterus bijiartitua. U. Ulorua aimplex 
(Hnman). (K-H. afttr Witdenhciiii.] 

I Fig. i8a Diagram of the Urogenital Apparatus of a Malb ixo 
Feualb Urodele. Founiled aa Triton ta'niatua, [Front WirdtrAtim 
ajter J. IF. Spngtl.^ 

' ?iK. 181. GENERATn-E ORGANS OF HUHAN ADULT. [After Kohtit.\ 

\ Pig. 183. Urogenital Organs of a Fbuale Human Fixtus of 3) Ikabes 

Long, or about Fourteen Weeks. (From Qumn t^ttr Watdtyer.] 
I Fig. iSj. Diagrams Representing the Uelations of the Usogbnital 

organs in the Male and Female Euthkbia, [From LandoU and 

Stirling.] 
f Kig. 184. Diagram of the Mammalian Tvpe of Male Se.xual Organs. 

[from C""'".] 
f Pig. 185. Diagram of the Mamuauan Tvpe of Female Sexual Organs. 

[fro,™ C"""! 
1 Jigs. 186-189. DiAOBAUs Illustrating the Evolution of the I'oaTERioR 

Passages, [/'roni LandoU and Sliiliiis.] 
[ Kg. 190. Development of the External Sexual Obgans in the 

Human Male and Female from the Undifferentiated Con. 

DmoN. [A/Ur EektT.\ 
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CHAPTER I. 



MATURATION AMD FERTILISATION OF THE OVUM. 



lotroduction. — Embryology is the term usually applied to the 
whole cycle of changes undergone by an animal in passing from 
an egg to the adult condition. It is, in other words, the History 
of its Developmeat. 

The name of embryo (or fiietus, in mammalian embryology) is 
restricted to the uiiboru young. At birth the young may closely 
resemble the parent, or be very dissimilar; in the latter case, it ia 
known as a larva, and undergoes a series of changes or a meta- 
morphosis before it attains the adult state. 

Even closely allied animals may be " bom " at very different 
stages in their development ; the higher animals are, however, 
generally born at a relatively later stage than those lower in the 
animal scale. They are thus better fitted for the struggle for 
existence, and expend less energy during their development than 
if they had to provide for themselves. 

In the higher animals the young also have the further advantage 
of the watchful care of their parents, a factor which must have 
materially influenced the evolution of the race. 

Embryology may be studied under two aspects. The first, or 
Ontogenyj deals solely with the history of the individual, and 
traces the development of the animal as a whole, and of its various 
organs. 

The second, or comparative aspect, compares the development 
<jf animals, and taking those phases which are common to all or 



THE STUDY OF EMBRYOLOGY. 



[ to many, attempts therefrom to deduce or reconstruct the evolution 
I of tbe auimol kiii>,'dom. Tills study is known as Fhylogeny. 

The chief result of all embryological inquiry has been to demon- 
strate that the history of the individual recapitulates in its main 
features the evolution of the race, and thereby to give positive 
evidence in favour of the Theory of Evolution, in the general 
acceptance of the term. 

It is very important to bear in mind that larval forms, as well 
aa adults, have to adapt themselves to external couditions, and 
that they are consequently liable to be variously modified, and, 
within limits, to be liighly specialised. These modifications ofteu 
have no relation to the adult structure, and consequently can 
have no phylogenetic significance- 
Some preliminary knowledge of Zoology and Comparative. Ana- 
tomy is necessary in order to appreciate fully the phases in the 
I development of any one animal, and it is, of course, essential id 
studying the general principles of Embi-yology, as constant refer- 
ence must be made to the structure of diEferent forms. Such a 
knowledge will he assumud for the readers of this book. 

Tho Animal Kingdom is divided by zoologists into the Pro- 

totoa, or unicellular animals, and the Mfltazoa, or those animals 

[ composed of a number of cells so united together as to form 

tissues. As the latter alone produce ova or eggs, llie science of 

Embryology deals solely with the Metazoa. Although there is 

considerable variation in the details of the classification of the 

Metazoa, zoologists are tolerably well agreed upon the main 

I divisions, and in this work that classification and terminology 

I are adopted which are in moat general use in English-speaking 

e^un tries. 

Reproduction amongst the Protozoa consists in a direct or in- 
direct method of cell-division, each product of such division 
forming a new individual (fig. i, b, o, d). This process may, or 
may not, be preceded by a temporary apposition or permanent 
fusion of two or more individuals. The conjugating individuals 
may either be apparently quite similar (^g. i, E), or may exhibit 
certain differences (fig. i, r) ; but conjugation is always effected 
between forms which are similarly motile — that is, ciliated indi- 
Tiduals invariably conjugate with ciliated, and arooiboid with 
[other amceboid, forms. Even among those Flagellate Infusoria 
I which pass through a comparatively complicated life-history, an 
I individual in the flagellate stage never conjugates with another in 
\ 
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the amoeboid condition Active reproductiuc of one kind or other 
naoally occurs after conjugation 

Some Protozoa form compound masses but the individuals 
composing the colonj are with rare exceptions (I'roterospongia), 
similar to one another and ha\e a pnctically independent exis- 
tence. 

Although aseTual reproduction by various modes of budding 
and fission is known m nearly all the groups of the Metazoa, the 
sexual methol 13 of luvnntble occurrence The essentiil act of 
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this form of reproduction consists in the fusion of a fiagellate cell 
or spermatozoon with an amoeboid cell, the e^ or ovum (figs. 
10 and 11). 

In a very few cases the spermatozoa are either amteboid, as in 
Nematodes, some Arachnids, and Limulus, or often passive and 
rayed, as in most Crustacea; but in the great majority of animals 
the spermatozna are flagellate and actively motile (fig. 2). 

The ovum, under very rare and exceptional conditions, may 
develop into a new organism witliout previous fertilisation by a 
spermatozoon ; this pheiionienon is known as parihenoffenesis. 
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The ovum and spermatozoon unite to form the fertilised 
or oosperm, which then undergoes rapid cell-di^nsion 
thus produced remain in contact with one another, aud though at 
first usually very similar, certain groups of cells soon take upon 
themselves definite characters, aud thus iuitiate the primitive 
tissues. 

Acca|)tiug the view that tbc Mclaioa ncro derived from coloniil Protoroa. it foUom 
tlut etccy cell of tho {iriiuilivo UeUzoa mu capable of fonaing tieab coloniot bj 
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celMiviiion. Htmy Metufu posacn the power o 
bjr finion or bj budding ; but the tisauM iiuplicated ii 
u beiug aMntudl; undiSerontutod in ch>rectar. 

Owing to the kdvuitage derived fram phjsiological differentiation of labour, tl 
reproductive fntietion came to be cliiefl; rctuood by ceruin cells, tho remund 
■pedkliiing along other line*. Those cvIIb which pie-einineutly retain the reproductjra 
(unction at* reiLricted in their poailion, and the tiuue which they coottitnto (the 
genninal tinue) it contained witbio what is known u a fftneratttt organ or gtaitd. 
When ripe, the genn-celU becomo detached, and commenoe a free t: 
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After fertilisation, the ovum, or the embryo into which it 
develops, is in a few cases retained within the oviduct of the 
mother for a longer or a shorter period, and may temporarily 
even be intimately, but very rarely structurally, connected with 
the walls of the oviduct or uterus, aa will subsequently be de- 
scribed. 

The primitive germ-cella of animala are, practically, precisely 
similar to one another (fig. 175), and, when first recoguiaable as 
germ-cells, it is impossible to tell whether they will develop into 
ova or sperm-cellf. In this connection it is suggestive to find 
that both the ovaries and the testes in Sagitta are developed from 
a single primitive germ-cell, which makes its appearance at a very 
early stage of development. Tlie primitive germ-cells may more 
especially be said to correspond to the Protozoon ancestors of the 
Metazoa. 

Before dealing further with the history of the germ-cells, how- 
ever, it will be advisable to describe briefly their mode of origin. 

The Ovum. — The primitive ova usually form part of a definite 
epithelium, of which most of the cells, or it may be only a very 
small number, develop into ripe ova. The germinal epithelium is 
well supplied with nutritive fluid (either blood or the fluid con- 
tents of the cavity of the body), which serves for the growth of 
the ova. From the nutriment thus provided the ova genemlly 
store up a greater or less amount of reserve food-material, which 
is known aa " yolk " or "food-ijolk." 

It nonld be foreign [a the purposo of this work to enter into a comparatira 
account ot the developmrnt of ova from primitive fierminal-ccIlB, Aaageneml rule, 
certain of the rails of the germinal epithulinm are directly converted into ora. In 
Tertebmtes, the germinal epithalinm is borne upon a distinct germinal ridge ; the 
epithelium increases in thicknesi, and becomes broken up into corcia or trabecule 
(oTariaa tubes of Pflilger), which, bj mntual iogrowtb, lie in the stroma at meso- 
blaitic core of thegeruunal ridge. I sol uted masses or nests ma; alao be fornicd (fig. 3). 

Balfour has shown that in Elasmobranchs and other forma, in addition to the 
foregoing or direct origin of the ova, the protoplasm of the cells fonning the neita 
futea into a single moss containing the nuclei of the preTiouslj distinct ots, 
Varioos changes are DnderganD, but eventually a few of tlie nuclei segregate protO' 
plasm ronnd themselvei to form the ova, the remainder having broken down to 
pabulum for the permanent orn. 

Beddard finds that in Protopterus two kinds of ova are developed— (a.) The ovum 
is a mass of granular protoplasm, containing a germinal vesicle limited b; n distinct 
membrane, insideof which is a peripheral layer of germinal spots. Later the proto- 
plasm becomes vacuolated, and largely diOerentiates to form yolk. granules, {k) The 
OTDm aiises from the fusion of a nest of germioal cells lying within a follicle ; not 
only is yolk formed within the control moss, but it is aloo produced within the 
coltunnar cells of the follicular epithelium. These cells proliferate and migrate into J 
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theintwior of theovum ; even tnnll; the j disappear. The yolk of than on 
to bs largely derired from the follicular cells. 

The yolk couiuts of highly refncUve parCtcIea. which vary coiuiderahly in their 
■ppMrance and ttractura. At a rule, tho yolk elomcoU ar« sinall veiiclea, whidi 
uiually contain smaller vesicle* and other bodies (Gg. tS, b). Ib Birds the whole of 
the yolk at first caoaiits of these white yolk spheres ; but during the derelopment 
of the egg, some of the white yolk spheres become motlified to form the yellow yolk 
(fig. aS, Ji and c>. In the ripe unincubaled egg the yellow yolk constitutes the great 
matt of the "yolk," the white yolk being restricted to a peripheral and aereral can- 
centric layers, ojid to a central mass which extends in a constricted neok, and (gain 
widens out to form a bed, upon which the blastoderm rests (lig. zS, A, w, yV 

It not unfrequently liappeus (many Hydrozoa, Insects, some 
Vertebrates, &c.) that certain of the primitive gerni-cella feed 
upoQ neighbouring germ-cells, so that the growth of the ovum 
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uud ita store of food-yolk are made at the expense of its fellow 
t,'erminal cells. In most Platyhelmintbs that portion of the primi- 
tivo germinal epitlielium whicit is destined to provide pabulum 
for tho ova proper b separated from the ovary as yolk-glands, or 
rittllaria, and their products, yolk-alU or yolk-t/ranitUs, surround 
the ova after they have left the ovary, ami before tliey are enclosed 
within the egg-capsules. The yolk-cella may be regarded as ger- 
minal cells which have lost the power of reproduction, but retained 
that of forming yoUc Either the ovum or the embryo in due [ 
course feeds upon this reserve of food. 

When many ova are deposited within tlie same egg-oapsule a 
in some forms of Pixisobranch Gastropods (Buccinum), the more ' 



MATURATION AND FERTILISATION OF THE OVUM. 7 

advanced embryos devour those tliat are imperfectly developed, bo 
that a very limited number, sometimes only a single individual, 
eventually escape from one capsule. 

The fusion of several germinal cells with one ovum does not 
correspond to the multiple conjuyation of some Protozoa, as in the 
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formBtion of plasmodia ; it is merely the assimilation of several 
cells by one ovum, much as an Amceba feeds upon its prey. 

An ovum is a small free cell which is characterised in the 
resUng-stage by possessing a large clear nucleus, the germinal 
vesicle, and a well-marked highly refractive nucleolus, the ger- 
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nuBalspot; in many cases several germinal spot« occur. Figs. 4 
sod 5 illostrate various kinds of ova. 

The protoplasm usually has, as has just been mentioned, the 
power of storing up albuminoid matter as reserve food material by 
& differentiation of its own substance in the form of yolk-grannies 
or spheres. The amount of food-yolk varies greatly ; in some few 
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istances none appears to be differentiated ; often only al! 
tformed ; more frequently there ia a conBideraWe amount; and in 
Ptiie eggs of Klasmobrancbs and of Sauropsida an enormous quaiititj 
is deposited. ITie distribution of tiie yolk -within the egg also 
varies, being either chiefly concentrated at one pole {tdolecHIiar), 
or towards the centre {Kiitrolfcithal), or evenly distributed through- 
out (aUcithai). 

As the amount of protoplasm in an ovum containing much foo<l- 
yolk is relatively small, the storing of the yolk-granules within its 

I substance would naturally cause it to be distended. In those ova 
with a very large amount of yolk, the protoplasmic reticulum 
■caTCely more than serves to keep the yolk-granules together 
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' During development, certain cells of the embryo reconvert the 
food-yolk into active protoplasm. 

The ga-miiial vesicle of the unripe ovum, as Carnoy points oat, 
has the same general structure as the ovum itself; that ia, it 
consists of an extremely fine protoplasmic reticulujn, the meshes of 
which arc tilled with a granular fluid {eju:hylcina). The reticulum 
also forms a delicate nuclear membrane. But, in addition to the 
above, the nucleus possesses a distinctive substance, which i» 
variously termed muUinf. nucleoplasm, or, from its being readily 
stained by the action of certain reagents, chromatin. In very 
young ovarian ova, the chromatin occurs in the form of a very 
long, extremely and irregularly contorted thread or nuclear filament. 
The auclear filament is condensed io more mature ova into a 
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single spherical mass, the gcrmiiMl spot, or into a tew or a large 
number of smaller germinal spots. 

Ova may be either nakeii (6g. 4, a and li), or surromided by 
one or more membranes (fig. 4, c, d, and fig, 5). The primary egg- 
membranes {vitelline membrmies) are usually differenliated from 
the protoplasm of the ovum itself. 

In Vertebrates two egg-membranes are usually present, an exter- 
nal delicate vitelline mevibrane, which is probably formed by the 
ovum itself, but in some cases a sunilar membrane may be secreted 
by the epithelium of the ovarian follicle. This membrane is often 
termed a ekoritm. Below the vitelline membrane a thicker mem- 
brane, perforated by innumerable fine radial pores, is differentiated 
out of the peripheral layer of the ovum. It is known as the zona 
radiata or zonapcllitddn. The secondary eng-membranes are either 




secreted by accessory generative glands, or by the glandular wall of 
the oviduct. When a secondary egg-membrane is impregnated with 
calcareous deposits, it is known as an egg-shell. The secondary 
egg-covering often encloses an albuminous glairy fluid — the white 
of egg — which serves for the protection and further nutriment of 
the embryo (figs. 6, 74, 75). The albumen also is secreted, either 
by special glands (moat Invertebrates), or by the wall of the 
oviduct (Vertebrates). 

Haturatios of the Ovnm. — Before or after fertilisation, certain 
changes, which are of considerable interest, take place in the ovum. 
The germinal vesicle often becomes amceboid, and passes to one pole 
of the ovum, and the germinal spot disappears (fig. 7, b-d) ; in fact, 
both the germinal vesicle and spot disappear as siich, and pass into 
those karyolitic figures which characterise cell-division (see p. iS). 
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The resulting nuclear spindle 13 placed vertically, the periphend 
nuclear star, or " aster," being situated in a small protuberance 
from the surface of the ovum. This process is segmented off from 
the ovum, and a minute cell is formed, contaiuing a portion 
of both the protoplasm and the nucleus of the parent-cell 
;. 7, F and l). 
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This phenomenon is repeated, and two cells are budded off I 
the ovum ; these are known as the "polar cells " (or as polar ti 
polar globules, directive bodies, &c.), from the fact that theyS 
invariably derived from that pole of the ovum at which the epiblast 
01 upper-layer cells will be developed; hence, also, this pole is 
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usually termed the upjxr pole of the ovum (see ligs. 12 and 17). 
During the production of the polar cells, the ovum, especially at 
its upper pole, may exhibit amceboid movements ; this is well shown 
in the ovum of Elysia {fig. 8). 

Although the polar cells may remain attached to the developing 
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ovum for some time, they take no share in the formation of the 
embryo, and are simply to be regarded as superfluous bodies. 

What remains of the primitive nucleus passes towards the centre 
of the ovum, usually in an inactive or resting condition, being 
without radial struE. It is known as the /e7iiak pro-nueleus. 

The ovum is now in a passive condition, and ready to be 
fertilised. Tlie extrusion of the polar cells, though occasionally 
taking place after fertilisation (ex. Elysia, fig. 8), is really to be 
regarded as tlje last term in that series of changes which occura 
before impregnation, and to be, iu fact, anticipatory of it 

Before following the history of the ovum further, it will be 
necessary to return to the sperm-cells. 

The SpermatozooiL — Although we find considerable variation 
in certain details of structure, there is a general similarity in the 
appearance of the spermatozoa of animals, a bead and vibratile 
tail being of almost universal occurrence ; the most important 
exceptions have already been mentioned (p. 3 and fig. 2). 

The primitiTo Bpenn-wUa or mother-colls of the aparmatoios arise from a tiams 
correapoiidiiig to that whiuh gives origin to ths primitive ova (p. 242, flg. 175). The 
eiaet manner in which the spennittozoa are developed varies in different animal^ 
uid hu been varioiulv described by Dumoroui invostigutora. This being the case, 
it wit] b« adrimble to give simply a sketch of what appear to be the most important 
Tacte in tpenaatogmeiit, as tbifl process is termed. 

Those cells of the generative epithelium which develop into male sexual cells 
tiDdergo Mll'diviaion in the ordinary manner, and may give rise to a considerable 
aomber of celts {ipcrmatoblaiU). Each spermatoblast ia converted into a spermato- 
loon, and, in doing so, gives rise to a small mass of protoplasm, the so-called leminal 
gmnt^t, or globule, or atceeaatj corpuicU, which appears to have no furtht>r funntioo. 
^'g- 9i *-B, illustrates this process in the Rat 

Instead of bocoming distinct, the spormato blasts or incipient spermatozoa may 
remain aggregated togotber (ipenaoiphere or ipei'n-morula), and surround a central 
Qon-nncleated protoplasmic mass [the iperm-blaitophore), as iu the case of the Snail 
tuA Butbworm (fig. 9, o-s). 

In Elumohranchs (fig. 9, i-m) the nucleus of the sperm-cell (sometimes called ths 
ipavialtieyit) alone divides, totmiug a number of daughter- nuclei, the remains of the 
parMit-Dnclens still persisting, The j)rotDplas[n of the cell differentiates into the 
taill of the spermatozoa, while the daughter-nuclei constitute the main portion of 
their heads. The ripo Bpermatoioa are liberated hy the rupture of the wall of the 
■penn-cell, leaving behind the parent-nucleus and a small remnant of unused proto- 
plasm. This latter is merely an abbreviated variation of the former process, and ths 
residual nucleus and protoplasm clearly correspond to the accessory corpuscle or to 
the sperm -blastophore in the preceding forms. 

The nucleus of each daughter siierm-coll constitutes the head of a spermatozoon ; 
it is surrounded hy an extremely delicate film, which is produced from one end into 
a fins flogoUutD, and sometimes also into an almost imjierceptible undulating mem- 
brsne ; these are formed by the protoplasm of the spermatoblast. Ever; spermato- 
toon is thus a true morphological cell 

Kijllikec, however, maintains that the entire mammalian spermatozoon is simply 
• fiM nnd«)u. 
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FertUisation of the Oyiu]]. — It is needless to reconiit* the 
various ways by which spermatozoa may reach ova; suffice it to 
say, that either within the female or in the surrounding water a 
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spennatosoon comes into contact with an ovum, and either pene- 
trates any membrane which may surround it, or passes through an 
aperture {micmpyU) left in the egg-membrane. 

When the spermatozoon is approaching the actual surface of a 
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ovum, a process from tlie latter sometimes rises up to meet it, and 
a fusion is effected (fig. 10, a-d, and fig. ii, a). The head o£ the 
spermatozoon penetrates the ovum while the tail after vibrating 
feebly s absorbed 

The head or ather the nucleus of the spe matozoon s con- 
verted into an aster or star and a now known as the ale pro- 
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nvclcvs. It travels towards the female pro-uucleus, which, it will 
he remembered, is situated in the centre of the ripe ovum (fig. 
lO, h). The female pro-nucleus becomes somewhat amceboid, and 
fusion occurs between the two elements, thus forming a new 
nucleus (fig. lo, e-g). While this is taking place, the ovum itself 
often exhibits amceboid movements (fig. ii, a). 




The fertilised ovum is a very different body from the primitive 
ovum, as it consists of a portion of the original protoplasm and 
nucleus of the latter reinforced by those of another cell, which 
is usually derived from a different animal. The new nucleus is 
called the segmentation nucleus, and it may ho well to adopt Bal- 
four's name of oosperm for the fertilised ovum. 
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TtuN il Mima doubt irbether tlie male pro-nuclous liu the Tull tkIdb ef « In* 
midem, uid tbjs bu led Flemming to define fertilisation as the union of " tha ehti>- 
matln of a male with that of a fcnjalo nuclear body." Van Beoe^Ien has rtteeatlj 
thown that the esaential act of fertiliutiaa consists in the grooping togstber {or 
probably, more accoralely, of the fuaion) of the chromatin or gorm-plasma o( the 
nadeua of the apenuato«oon trith that of the nacleos of the ovum. During the fint 
diTision of the oospenn, and in b.11 the aucceeding [ihuea of segmentation, each new 
cell receives an oqunl ahara of the paternal and maternal chrotofltin. (See cha^k it j 
p. 19, and fig. 13.) 

Tha fertilisation of an ovum by a spermatozoon is paralleled 
by the permanent conjugation of such Protozoa as Vorticella and 
many Monads. In each case the phenomenon is followed by rapid 
cell-division — the resulting cell-units remaining separate in the 
Protozoa, M'hereas they group themselves together so as to form a 
aggregate of a higher series in the Metnzoa. 

Slgnlfloaso* of Uw Ibtnratioii uid FertlUution of tha Oram. — There htT« 
been nuuioroua apecnlations concerning the lignilicnnco of the poIaT'eella. The 
view now gonerally accepted i« that first propounded by Minot, and aubseqaentljr 
(but independently) proposed by Balfour, irhich suggests that the polar-cella 
reprv«ent what may be regarded as the male element of the primitiTe germinal 
cell, the svios not being supposed to bo differentiated in the latter. The anra 
la thus preparing itself for the reception of a vigorous element derived from k 
different source. Similarly, the accessory corpuscle, or its equiralent, is regarded as 
the female portion of the primitive aperm-cell, the remaining nnclear natter'and 
protApIaam being used up in the manufactare of unisexual (male) cells. The mahir« 
OTom, being nniseiuai, is free to conjugate with a male cell. The two sre^muIiiKlly 
complemental, and after union constitute a lingle perfect nniL 

The relations between the male and female elements may, according to tbii Ti 
be thus tabulated :— 

Indiffeiant germina] cells, irhich eventually apocialise iulo 

orum (oospore), | apenn-ceU (apannoapore), 

Kat^h by cell-riiviaioji detclopa into 
(ooaphsre), | (ipeim-momla) spannoipbere,* 

which is compose J of 

A. a passive olcme nt, 
polar-cella. j ipenn-blubipbon [seminal globuleaic 



litan 



aparmatobloato, ichicb 



matnTe ovum, 



Minot proposed the couimon term of ihdgUatt for a mature ovum nnd for a sperm- 
blaatopbore, and iraenotfiutt for the polar'^eltaandspermatoios. .Sexual reprodnction 
would thus cooaiBt in the union of a thelyblost from one source with an'anenobl«>at 
th>m another source. 



■ In Mammals the sperm-cell gtves rise to spermoblasta, each of which gi*M off k 
aaminal globule, the remainder differentiating into a sprmatozoon. 
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Unfortunately, the terms employed in describing the varioas stages in the develop- 
ment of the generative elements are not used in a synonymous sense by the various 
investigators and writers on the subject ; those in the most general use have been 
here adopted. 

A more simple view is that the extrusion of the polar-cells prevents the partheno- 
genetic development of the egg, merely by eliminating a considerable quantity of 
nuclear matter. The researches of Van Beneden on Ascaris have demonstrated in a 
quantitive manner the amount of chromatin thus lost ; the precise amount for Ascaris 
being three-fourths of that present in the nucleus of the ovarian ovum. 

The spermatozoon supplies a sufficient amotmt of new chromatin to enable the 
embryo to develop. According to this view, there is no essential distinction between 
the chromatin of the male as opposed to that of the female germ-cell. 

At the end of this work will be found a summary of Weismann's and Geddes' 
conclusions respecting the significance of the maturation and fertilisation of the ovum. 

The next series of changes undergone by the oosperm is that 
known as segmentation. The unicellular oosperm divides, by ordi- 
nary cell-division, into a large number of cell-units. The resulting 
mass is a multicellular organism, whose *'life" consists of the 
sum-total of the activities of its component cells. It is thus an 
individual of a higher order than a Protozoon, and one possessing 
an infinitely greater capacity for progressive evolution. 
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SEGMENTATION ASD GASTRUIATION. 



On tlie ceaaation of the various ptienomena related above, the 
oosperm becomes spherical in contour, and its nucleus reappears 
as a clear rounded vesicle, enclosing a distinct round nucleolus. 

This nucleus is properly termed the "segmentation micleus," aa 
it differs fundamentally from the original nucleus of the uufertilised 
orariau ovum. The name "germinal vesicle," which is commonly 
applied to the nucleus of ova, is open to the objection that it 
is used indiscriminately for the nucleus both before and after 
fertilisation ; it will here be confined to the former condition, 

A.— Invertebrates— Tjrpical or Alecithal Segmentation.— 
In order to gain a clear compreheusiou of the segmeutaliou of the 
oosperm, it will be advisable to take as an example a form in which 
the process is not obscured by secondary details. The early stages 
of segmentation can be readily studied in the eggs of most Fresh- 
water Molluscs. The Nudibranch Mollusc Elysia viridia also serves 
very well for this purpose ; and the following account refers to the 
segmentation, as seen in the living egg, of that form. 

After a resting-stage, the nucleus divides into two, the nucleoli 
having immediately before similarly divided (fig, 12, A-c), and eaoi^ 
new nucleus travels to an opposite pole of the oosperuL WIuIbC 
this is taking place, the nuclei, as such, disappear ; being apparently 
replaced by two stars, some of the rays of which meet one another 
in tlie middle line. These polar stars, as they are termed, are 
composed of the radially arranged granular protoplasm of the 
cell. The polar stars then entirely separate, and the oos] 
usually becomes distinctly amosboid, especially at its up]^ 
A shallow groove makes its appearance on the surface of the: 
midway between the two nuclear foci. The groove rapidly' 
(fig. 13, 1), e), and eventually divides the oo3[)erm into two distinet 
spherical halves, which immediately afterwards become appressed 
together. The nucleus has by this time reappeared as a clear spot 
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in the centre of each polar star ; the rays of the latter disappear 
and the chromatin collects to form a new nucleolus (iig 12 F g). 
Each segmentition sphere now passes through a short resting stage. 
The apphcation of staining reagents reveals the nature of the 
changes undergone by the nucleus m segmenting oosperms In all 
cases the nucleus is trin^t formed into a spindle like arrangement of 
delicate hbres termed the nuchar sjnjuile round the apices of 
which the cell protoplasm radiates as the above mentioned polar 
stars The chromatin aggregates at the centre of each fibre and 
divides transversly into two each moiety travelling along its own 




">pi 



s In aUbi of mt nitgr lbs sitniilon of tbo polur cella ; B. ( 
nna hu dlfided: C. the uudsui I* dlTldlDg; D. tha micleui, H 
tation lutTow sppcnni ; B. Uisr stiuei 

lulefl Ifl tawing iBTgor ; G. ruUng-Btogo 

, _. __jill« itagea is tho produotion o( lour 

■puvm ; &. iuruiauon of efffht-coUod flta^o. 

fibre towards the nearest apex of the nuclear spindle (fig, 13, d-f). 
The fibres between the two receding masses of chromatin thin out, 
and eventually disappear. Finally, the nuclear substance segregates 
ifl to an ordinary resting nucleus and nucleolus. 

The BelUTionr of the Mucleni In Cell-DIvIalon.— Thi> behaTionr of the nnclens 
dariug cell-diviaion hu receiverl a great deal of atteotian irithiD the last (ow jeara ; 
end ka it is a subject of considerable importonce, it will be advbable to give a brief 
account of the proceis. 

~ ~ a of a typical tiasuB-cell conaiits of a rounded veaielo containing a 

nueleu' roatriz, which is termed "aehromalin," as it ia only lightly coloured on the 
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■pplicftlion or stainiDg reagents. The ichroniBtiii is penneated by a deliaito Bit- 
wcprk or reticolom of a denser subatance, the " miclcopiatta" or "ehnmialin," which 
tklto forme the delicate wall of tlie lesicle. ThU netwoik readily etaina deeply, aaJ 
the iDtcrsectioiiB of the flbrea usually gire a dotted appcarauce to the nacleu. 
When the cell ia in a resting condition, Iho chromatin is, aa a rale, coacentnted 
either into aeveral rounded bodiua, or more frequently into a single nuM^ the 
nncleolus ; hut this is osually, if not always, connocted with the wall of the nncUoi 
by delicate strands of chromatin. 

During the proccsa of diviaion in mch a snclens as that just described, tlw eOB- 
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tonr beMmM leu defined, owing to the disappearance of its tnembraue ; the veiy fine 
don network appears looser iu texture and coaner in fibre ; and a contorted looped 
rosette or wreath of chromatio is eTeatnalJy fonnnd (fig. 13, A-e). The leripheral 
loops ft«cture, leanng a star-like group of V-ahaped bars of chromatin (aster at 
■ingle star), the angles of which point towards the centre. By this time the 
achronutiii has been traDiformed into a nuclear spindle, and the chromatin wreath 
and single aiter lie at right angles to it in iti equatorial plane (c, d). Each beat 
chromatin bar next divides longitndinally (the division is not shown in the figniv), 
and the loops, instead of pointinfi inwards, became directed, some towards one pola 
of the long axis of tho nacleos, and some towards the other, forming a donbU 
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or diuter. It is important to romembor that each half of every longituilinolly split 
cbiomatin bnr of the singlo uatur travels tonurds an opposite polo of the spindle tt> 
form tlie daughtur-stara (lig. 13, B, f). Thus, the chromatin of every neiv nndeus 
is not formed by the simple partition of the parent nocloar network, but by an 
actual loo^tudiaal splitting of tbo chromatin fibre itself, by this mesns ensuring a 
perfectly equsble division, while the proliminsry breaking up of the network into 
bent hots facilitates the process. The daughter-stars thus formed gradually psss 
throagh the reverse process, and each, after becoming a wreath, is transformed into 
a fine reticulum encloeing tile achromatjn, as in the parent nacletis (fig. 13, a, H). 

When the danghter- nuclei are in the stellar stage, the protoplasm of the cell itself 
becomes constricted, and the cell is usually quite divided by the time the wreath- 
stage is attained. 

This mode of cell -division is known as the " tiuUreet method," and the whole pro- 
cess is termed " karyokhuiii." 

— - -- g of inJirect cell-diviMou is modified from 
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2. Aster. ' 4. Diaster. 
-* 3. UetakiooMs. 

Umally, in segmenting oosperms and in many vegetable cells, the chromatin is less 
abundant, and the achromatin appears to take a larger share in nuclear division 
than in tissue-cells. At the stage when tbo chromatin is equatorially wtuated (the 
"eijuutorial plate," which is the equivalent of the wreath and aster stage), the 
achromatin forms a well-marked spindle-shaped bundle of fibres, the apices of which 
correspond with the centres of the future nuclei. Later, the chromatin sepamtcs 
into two portions, each of which travels along the achromatiu fibres to each apei of 
the spindle, the diaster stage. The intervening achromatin threads break across the 
middle and are withdrawn. 

Van Beneden, who has most carefully studied these phenomena in tho oosperm of 
Ascaris, states that the achromatin spindle is probably always present in the ordinary 
tissue-cells though difficult of detection ; hut it is readily visible in egg-cells when 
they are properly treated with reagents. 

During karyokinesis, the granules of the protoplasm of the cell often become 
radially arranged with regard to the foci of the daughter-nuclvL These alone can 
be seen in the living egg (fig. 13, d, t,f), and they should not bo mistaken for tho 
chromatin Ehres, which are only visible after suitable treatment 

The foregoing is a brief siimjnary of the views generally held respecting karyo- 
kinesis. Camoy, however, gives a somewhat dilferont account. As previously 
tacDtioced, ho finds all cells to bo composed of a fine protoplasmic retimlwn. enclosing 
a fluid mthyUma, which contains various substances in solution and particles in 
■tttpendon. The nucleus is similarly constituted, hut it possesses in addition a 
contorted nnclcar filament of ohromotin. Tho nuclear roticulnm evidently corro- 
qwnda to the above-men tioncd achromatin. According to Camoy, the convolutions 
of the nuclear filament very rarely fuse at their intersections so as to constitute an 
actiul network. The wall of nuulcus is never formed by tho chromatin, but solely 
At the eipensa of its reticulum. The latter also forms the nuclear spindle in dividing 
m1I& The polar stars sro Ibrniod by tho reticulum of the colL 

It is probable that there is considerable variation in tho method of indireot 
nnolear division amongst the Metatoa. ymy rarely, the nucleus simply divides in 
half without forming koryolitic figures. This is known as " direcl audcar divinon" 
■ad has been observed by Blochmanu iu the embryonic inlegutiient of the European 
Scorpion, and by RaDvier in the diviaon of leucacyles in Aiolotl. 
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rrant tbe foUowiog gener&luation n 
le of tbe simplest of all orgaaiimi (Protii 
no nncleoB biu yet been observed ; probably, however, it will be demoiutrklcd t 
nacleopliuin (i.e., chromatin) ia prescat in ditfiued grsnules, u Gruber hu showB k 
tha OUM in a hv Ciliate Infiuorie. A concentration of the chromaUn o< 
Probuoa, fomting either several small nuulei or a singlo largo otui. In n 
the nucleus dividas directly, sa it may da, thoagh very rarely, amnngst the MetuMk 
Physiological diflorentiatioa has also acted upon the nuclaus of Protozos, knd kt* 
resulted in great variation in atruutureand holiaviour. In soma Uelioioaand CflkU 
the nuclear division bears considerable resomblauco to Uic indirect metbod chano- 
teristic of the tissue -cells ot MetAzoo. 
In segmenting oosperms, tbe iirocesa of nuclear division is uot so complicated u it 
le-cella of adults — partly owing, perhaps, to a paucity of chromatiD ; 
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but it is probable that there is an approach in some cases to the direct method af 
Doclear dimion which is so common amongst tbe Protosoa ; as, for exsmpla, in tlw 
segmenting oosperm of Elysis (flg. 14, B, c), which may be compared with the aiudsar 
division of the Amceba (Gg. 1 , a-c]. This irresistibly suggaata a retention by ocrtiia 
segmenting oosperms of the ancestral method of nuclear diviaion. 



The flegmenting typical oosperm was left at a stage in wl 
two segmentation eplieres had been formed. 

A second series of changes soon takes place, the long axia 
the nuclear spindle lying in the same plane as the first, but at 
ri<:;bt angles to it ; four Gegmentation-spheres are thus formed, all 
lying in the same plane (fig, 14, H, i). 
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After another short resting-stage, each of the four spherefl divides 
in a manner easentially identical with the preceding. Aa the 
nuclear spindle aasumes a position at right angles to the two pre- 
vious directions, the third groove is in a horizontal plane, and a 
mass of eight cells is produced, four above and four below (fig. 
14, k). The segmentation has thus taken place in the three dimen- 
aions of space. 

In the most regular cases of segmentation, the eight spheres are 
vertically divided to form sixteen spheres, eight above and eight 
below (fig. 15), In the next stage, a furrow is formed on each 
side of the first horizontal or equatorial fissure, and these deepen 
to produce a mass of thirty-two spheres, consisting of four rows of 
eight cells each. A sixty -four-celled stage is next reached {fig. 
15); but usually, after this, the regular rhythm is lost, and the 
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order of the segmentation becomes obscure. We thus get the 
number of cells in each successive stage as follows : — a. i ; b. 2 ; c. 4 ; 
D. 8; E, 16; F. 32 ; G. 64; N. 00, that is, in geometrical progression. 
It must, however, be definitely understood that this is not the 
invariable rhythm of segmentation, but only a generalised type 
(for example, the Nudibranchs and other Mollnsca do not conform 
to it). 

The result of segmentation is the formation of a multicellular 
body, usually enclosing a central cavity — " Segmentation cavily" or 
" Bladoaxl " (fig, 16, a). The body itself is variously termed " Blas- 
tvia " or ■' Slastosphere." Excepting in special cases, the wall of the 
Blastula consists of a single layer of cells. 

Typical Gastrnlation. — An oosperm devoid of food-yolk 
(known as alccitltal), or one in which the segmentation is t 
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regular, Las been assumed, but this rarely obtaiDS ; more or less 
food-yolk is usually present, and its presence is a disturbing factor 
of great irapoitauce. Before, however, discussing the eETects of 
food-yolk upon an oosperm, it will be advisable to continue the 
history of the simpler condition ; the ova of Echinodermata being 
particularly suitable for this purpose. 

On the completion oE the Blaatula stage, a slight depressioo 
occurs at the pole opposite to that where the polar cells are sita- 
ated. This is often preceded by a flattening of that pole of the 
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blastula (fig, i6, d), the celb of the flattened region assuming a 
more columnar form, the first indication of a histological differeo- 
tiatioD. The iuviigination deepens until a cup-like cavity is 
formed (fig. l6, d), and eventually there is usually a complete in- 
version of this pole of the blastula. The growth of the embryo 
is so rapid that the size and general form of the body ia at first 
little altered by this process, but soon the absolute size is in- 
creased and the embryo becomes oval in shape. 

These phenomena result in the formation of a two-layered em- 
bryo, which baa an orifice at one end, the Blasiopore or primitive 
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nioatb, openmg into a central sac, the cavity of invagination, 
^rcA«n(ero7i, or primitive stomach. The outer Inyer ia the Epi- 
blasl {Ectoderm), the inner layer lining the archenteroa is the 
Hypoblast {Endodei-ni), and between these layers is a lai^r or 
smaller cavity, which ia the more or less reduced segmentation 
cavity. Such an embryo is known as a Gastrula (fig. 16, c). 



A modification of oriiiiury invuginntion is BoniBtimes met with which is worthy of 
special notice :^Id man; Nudibranch blollusca, the blnstulBi ia samcwhat quadnte 
in contoar and fattened, being not unlike a book in ihope (fig. 17). The gutnil« 
is formed by a kind of rolling over, combined wicli a slight amonnt of inragination. 
An elongated blastopore is the remit ; tliia c1a»ea over from behind forwards, the 
nnterior extremitj (aa indicated by the polar cells) appearing to persist as the mouth. 

An eitroine example of the method of gastrula- Connatiou by ths rolling ronnd of 




a two-lajerad flat embryo (tha Ptahiia of Biitachlt) is faund in the Nematode Worm, 
CueuHanvt. Intecmcdiate Btogea are, however, to bo found tn other forms. It will 
be noticed that in the plalcula stags one surface of the embryo is epiblistic, while 
the other Uhypoblaalk, and Biitschli compares such an embryo with the problema- 
tical organism Trichoplai adhierena [F. B. Seh\dzii\. 

The effect of food-yolk upon these changes has now to be con- 
sidered. Though, as previously mentioned, food-yolk is of only 
secondary significance, yet its presence often greatly influences the 
manner of segmeutation and the early development. 

Effect of Food-Tolk, Telolecithal Segmentation.— lu the for- 
mation of a gastrula by simple invagination, the pole of the oosperm 
opposite the polar cells ultimately becomes the gastric region of 
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^^Ktbe embryo. As might be expected, the yolk, whidi is merdy 
^^■Btored-up nutritive material, is usually almost entirely confined ta 
^^Kthose cells which have a nutritive function, i.e., the hypoblast cellA. 
^^■Ova in which the yolk is especially concentrated at one pole m 
^^ptermed " telolecitkal." As a matter of fact, it is generally poBsible 
^™ to distinguish between the two layers in the blastula before invagi- 
nation comiiiencea — the epiblast cells being smaller and more 
transparent, while those of the hypoblast are larger, rounder, and 
more opaque. This distinction is often to be observed at still 
earlier stages ; at the stage of eight segmentation-spheres the four 
upper cells may be purely epiblastic, while the four lower may be 
primitive or yolk-hypoblast. According to some investigators, 
even the first furrow may indicate the first epiblastic sphere ; but 
the recent researches of Agassiz and Whitman show this to be 
very doubtful (see p. 26S). 

It is not difficult to conceive that the distension of the hypo- 
blast-cells with inert matter would cause them to s^ment with 
difficulty, and this would Iiinder their invagination, while an in- 
crease in the amount of yolk would still further retard the process, 
BO that a condition might be reached in which it would be im- 
possible for the distended hypoblast cells to be invaginated at all, 
and the inertness of the large quantity of yolk would allow of only 
a very few hypoblast-cells being formed. Though the epiblast fans 
been scarcely affected by the increment of yolk in the lower cells, 
its behaviour with regard to them is necessarily modified, and since 
the hypoblast cannot be invaginated, the epiblast is obliged to 
grow round it (fig. 18, a-d). 

One effect, then, of the addition of food-yolk to the ovum is to 
cause the normal method of gastrula-formation by invagiuaticm 
{"emboU") to be modified into that of overgrowth {''cpiboU"). Hio 
segmentation cavity is almost obliterated and the blastopore is 
greatly reduced, and occasionally may be entirely absent as a dis- 
tinct orifice (Cephalopoda). 

In certain I'rosobranch Gastropods, with a large qutuiti^ of 
yolk {eg., lanthina, Fusus), the oosperm divides into two, and 
again into four, large segmentation-spheres (tig. 18, A and a) ; four 
small cells are next segmented off from the upper poles of these 
spheres. There are then, at this stage, four small clear epiblast 
cells and four largo opaque yolk-spheres. Tiie yolk agun gives 
rise to four small cells (fig, 18, B and b), and the first four epiblast 
eella and the four cells jusl formed themselves divide, so as to 
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constitute a group of sixteen cells resting upon four large yolk- 
spberes (fig, iS, c). By further cell-divisiou a cap of small 
epiblast ceHs is formed, which gradually extends round the yolk- 
spheres (fig. 1 8, C, D, and c). leaving u small uncovered area at the 
ventral pole, which corresponds to the blastopore of other forms 
(fig. iS, d and/-6p). The ventral wall of the arclienteron (meaen- 
teron of embryo) appears to be formed, or at least partially, by an 
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ingrowth of cells at the posterior lip of the blastopore ; the dorsal 
■wall is certainly produced by the formation of cells (hypoblast) by 
the yolk-spheres (or primitive hypoblast). The hypoblast cells, 
especially those situated in the gastric region, actively assimilate 
the yolk. The blastopore, in some species at least, persists as the 
mouth, the oesophagus being produced by a further ingrowth of 
epiblast at that orifice. The segmentation In Nassa, as described 
by Bobretzky, is somewhat different from the above. 
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The increase in the amount of food-yolk amongst Invei 
culminates in the Cephalopoda, in which gi'oup segm 
results in the formation of a cap of small cells restin" upon i 
lai^e yolk. This yolk may be regarded as one immense lower-layer 
aegmentation-apheie distended with food-yolk, or better, perbaps, 
as several fused together (primitive hypoblast). The cap of cells is 
really the epiblast; such a cap or layer of cells (one or more cells 
deep) resting on the yolk is termed a " blastoderm." Soon uuclei' 
make their appearance on the circumference of the yolk at its upper 
pole, which nuclei, by aggregating protoplasm round themselves, 
form the future hypoblast cells. This apparently anomalous pro 
ceeding is merely a masked form of segmentation, the protoplasm 
of the lower cells is so enfeebled by the mass of yolk that it cannot 
divide ; but as segmeutation must take place, the nuclei, either 
alone or with a minute portion of protoplasm, travel to the 
periphery, and there, fay the assimilation of the yolk, build up their 
cells. A similar phenomenon is common amongst Vertebrates. 

In two great divisions of tlie Vermes, the Platyhelminthes and 
the Ch^etopods, do we find, as in the MoUusca, that the segmenta- 
tion may be mote or less uniform, resulting in a hollow blastula, 
which further develops into a typical iuvaginate gastrula ; or, on 
the other hand, sufficient yolk may be present to cause unequal 
B^meutation, the partial or total obliteration of the blastoccel and 
the production of an epiholic gastrula. J 

Amongst the PI aty helminths, Lineus (fig. 49) and Leptoplan&J 
(fig. 50); and the Earthworm and Ehynchelmis (fig. 53) for the 
Oligoehji'ta illustrate these two types of gastrula formation. 

Syncytial Sestnentation. — Sedgwick lias very recently shown 
that, eveu later than the gastrula-stage in the development of the 
species of Peripatus from the Cape of Good Hope, no definite 
cell-walls are present The embryo is, iu fact, a syncytium (fig, 
19). "Wliat corresponds to segmentation in other forms is here 
effected by the multiplication of nuclei, which aggregate round 
themselves small portions of the continuous vacuolated protoplasm. 

The gastrula arises by a process of epibole, and is at first solid, j 
The archenteron (mesentoron) is simply a large vacuole within I 
mnltinacleated mass of protoplasm. 

It remains to be seen whether the segmentation-spheres in otfa 
developing ova are in all cases separate cells, or whether there D 
not be a direct or indirect protoplasmic continuity between all ti 
cells of an embryo. 



SEGMENTATION AND GASTEULATIOS. 



27 



There is a couaiderable resemblance between Bucb an embryo as 
that given in fig. 19, b, and the parenchymula of Obelia, fig. 46, E. 

Centrolecithal Segmentation. — The food-yolk is not always 
concentrated within the future hypoblast cells, since amongst the 
Arthiopoda it is usually equally divided between all the segmenta- 
tion-spheres, the protoplasm of which ia mainly peripherally situated. 
The possiveness of the yolk, generally, not only prevents any entire 
e^mentation, but causes a separation to tnke place between the pro- 




toplasm and the yolk; thus an external continuous single layer of 
cells ia formed, within which lies a central mass of yolk, more or 
less free from protoplasm. Such ova are termed "centrolecithal." 

The details of segmentation vary somewhat in the Crustacea. 
In such a comparatively simple case as Callianassa (fig. 20), the 
nucleus divides ia the ordinary manner, without affecting the yolk, 
till sixteen nuclei are produced ; by this time they have travelled 
to the periphery of the oosperm, and an external protoplasmic 
layer is formed, which, on the further multiplication of the nuclei. 
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becomes divided into distinct cells, thus constituting a ehell of 
cellfl entirely surrounding a solid core of unsegmented yolk. 
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In tlie Fresh-water Crayfish, however, the greater portion of the 
yolk itself segments, forming the so-called "yolk-pyramids" (figs. 
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21 and 22, a). Subsequently the nucleated peripheral portjon off 
each segment breaks away from the yolk-pyramids (fig. 21. B)r 
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and although the latter retain their s^mentation for a. loDg time, 
tliey are not to be regarded as having the value of cells, but are 
merely masses of non-nucleated yolk, with little, if any, active 
protoplasm. 

Amongst the Crustacea, invagination takes place at one pole of 
the blastula and a gastriila is formed, the residual yolk being of 
necessity contained within the segmentation-cavity. The yolk is 
gradually absorbed by the hypoblast cells, which emit pseudopodial 
processes for that purpose (fig, 22, E, p). Thus the primitively 
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small hypoblast cells become greatly distended with yolk. This 
is what occurs in the Crayfish, and with variations is characteristic 
of the Crustacea. 

The peculiar segmentation of most Insects may be regarded as 
an extreme modification of the Crustacean type, 

B. Ohordata— Alecitbal See:mentatioii. — The egg of Am- 
phioxua having very little food- yolk, uudergoes entire and regular 
segmentation up to the stage of thirty-two spheres. The segmen- 
tation then becomes slightly irregular, but results in an almost 
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spherical blastula, the cells of the lower pole of ■ 
larger than the remainder. This pole flattens (fig. 23, 
invaginatea to form a wide-mouthed gastrula, in which I 
mentation cavity is obliterated (fig. 23, c). The blastopore nairows 
to a small oiiSce, and the epiblast becomes ciliated. The gastrula 
elongates and its dorsal side becomes Uattened. Thus the blasto- 
pore comes to have a dorso-terminal position (fii:. 57, D). A pair 
of " hinder-pole mesoderm cells " early make their appearance on 
the future ventral side of the lip of the blastopore ; their farther 

k liiBtory is noticed later (p. 61). 

I Effect of Increase of Food- Yolk. — In the Chordata, as in moat 
Invertebrates, the yolk is stored up in the lower portion of the 
oosperm, and it is consequently coutained witliin the segmentation- 
spheres of that pole — in other words, within the hypoblast These 
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I cells usually have a somewhat complicated history, especially when 
greatly charged with yolk ; as the primitive hypoblast in that case 
is only partially concerned in the formation of the digestive tract 
of the future embryo, it is sometimes tei-med yolk-bypoblaat or 
lower-layer cells, to distinguish it from the hypoblast of the 
adult. 

The effect of the increase of yolk in the vertebrate oosperm on 
segmentation and gastrulation resembles in tbc maia that which 
occurs in somo Molluscs. The segmentation is unequal, and the 
blastoccel is reduced in extent. The epiblast grows roond the 
enlarged hypoblast, and consequently the gastrulation is asymme- 
trical. The invagination of the hypoblast is but partial, and tends 
to be increasingly reduced. The primitive blastopore of the true 
gfutrula stage is more and more filled up by yolk-cella (the yolk 
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plug, fig. 24), and it becomes almost if not entirely obliterated as 
an actual orifice. 

The epiblast usually at first consists of a single layer of cells, 
and its history is simple. 

During gastrulation a definite ingrowth of hypoblast occurs at 
the dorsal Up of the blastopore. This is most marked in forms 
■where there is but a small amount of yoLk, and least so in ova 
with a great deal of yolk. This hypoblast is sometimes spoken of 
as invaginated hypoblast — or, better, axial hypoblast, as it extends 
along the median line of the roof of the archenteron. As this 
tissue gives rise to the notochord, it is called by Hertwig and 
others Chorda- entoblast (see figs. 59-^4. «^ %■) 

The sides and floor of the archenteron are bounded by the yolk- 
cells in forms which have a relatively small amount of yolk. In 
these ova the yolk cells which immediately bound the archenteron 
are usually directly transformed into the definite hypoblast of the 
digestive portion of the alimentary canal or mesenteron. These 
cells may be called the digestive or gut-hypoblaat, or simply 
hypoblast; this is the Darvi-eiiiobla&t of the Germans (figs. 60-65, 
hy). These cells are distinctly diflferent in character from the a-tial 
hypoblast. In forms with a great deal of food yolk these cells 
have a slightly different origin, as will be shortly described. 

The remaining yolk-cells may be termed the yolk-hypoblast ; 
and, like the unsegmented yolk, they simply serve as pabulum for 
the developing embryo. 

In telolecitbal ova with a large amount of yolk, only a small 
cap of primitive hypoblast^cells is formed ; in this case these are 
usually termed lower-layer cells. These lower-layer cells more or 
less entirely surround the segmentation cavity, and themselves 
rest upon the large unsegmented yolk (figs. 25, 26, 31). 

The Begmeiitntion cavity or UIoBtoca:! in all alccitliul otd ia bounded on the ono 
banil bj tbo epiblast nnd on tbc other by the lij^ablut (figs. 16, ig, 23, 24). Even 
in mch an extreme telolecitbal type as the Bird, Duiol hits eliown that the saiuo 
condition obtains in n very early stage (fig. 29). Thus the encroaehment of the 
lowet'laysT cells round the segmi'Dtatioa cavity in the Elasmobrauchii (lig. 26) is n 
porely wcond&ry condition of no upecial import. 

As will be described in its appropriate place, the primitive 
hypoblast also gives rise to the main mass of the mesoblast. It is 
convenient to restrict the name of archenteron to the cavity of the 
early gastrula stage, and after the formation of the mesoblast to 
term the corresponding cavity the mesenteron (that is, the hypo- 
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blastic portion of the alimentary canal comprisii^ the pharynx 
cesopbasus, stomach, and intestine). The reasons for this will pre- 
sently appear sufficiently obvious. 

The effects of the gradual increase of food-yolk in oosperma will 
now be illustrated in more detail 

Iq tlie Lamprey (figs. 60, 61), and slightly more so in the Newt 
(figs. 58, 59), enough yolk is present to cause the cells of the 
primitive hypoblast to be larger than those of the epiblast, and 
to induce an asymmetrical invagination. The axial hypoblast 
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is very distinct, and the yolk-cells forming the sides and i 
of the archeuteron are transformed into the hypoblast of the 
mesenteron. 

More yolk is present in the Frog's oosperm, but the first stages 
of segmentation are only slightly affected by this increase. The 
third furrow, instead of being equatorial, is nearer to the upper or 
black pole of the egg (figs. 1 5 and 24) : as this pole is less bur- 
dened with yolk thau the lower pole, it is only to be expected that 
segmentation should be more rapid and complete there. In the 



SEGMENTATIOS AND GASTHULATIOX. 



33 



I 



fisal blastula stage, the segmentation-cavity is bounded above by 
two layera of epiblast, au epidermal and an inner nervous layer, 
the latter eventually becoming three cells thick. 

The epiblast gradually extends over the surface of the primitive 
hypoblast and the uncovered portion (yolk-plug, auus of Kusconi) 
is reduced to a small round white spot, entirely surrounded by tlie 
darkly pigmented epiblast (fig. 24, Up). The posterior extremity 
of the future embryo is formed by the dorsal lip of the blastopore. 
At this point an ingrowth of cells occurs (fig. 24, d. hy), which 
constitutes the hypoblastic dorsal wall of the mesenteron. The 
ingrowth of the hj-poblast continues, and a slit-like archenteron 
appears between it and the yolk hypoblast. Meanwhile the 
segnientat ion -cavity has been pushed to one side, and eventually 
disappears. The gastrula in the Frog is thus formed partly by 
invagination (emboli), partly by overgrowth {epibold). 

Iq some forms {t.g.. Sturgeon) the primitive hypoblast extends 
up the sides of the segmentation-cavity and helps to form its roof. 

Given more yolk, further complications would arise. Balfour has 
drawn an ideal type (fig. 25), intended to illustrate the passage from 
the Amphibian to the Elasmobranch gastrula. The segmentation- 
cavity is entirely surrounded by lower-layer cells, and below these 
again is the unsegmeuted yolk penetrated by a protoplasmic 
reticulum. This is merely an exa^eration of the tendency to a 
separation which occurs in the primitive hypoblast between celU 
contaimng less from those containing more yolk. On reference to 
the Frog's ovum in fig. 24, c, a mass of smaller primitive hypoblast 
cells (m) will be seen at the Hpa of the blastopore, which corre- 
sponds to the cap of lower-layer cells of fig. 25, a. 

Asymmetrical invagination is assumed to occur in this ideal 
type, the invaginated hypoblast forming the roof of the archenteron, 
while a portion at least of its floor is derived from cells which form 
round those scattered nuclei (fig. 25, b, n) which appear below the 
archenteron, and which are themselves derived from the nuclei of 
the primitive yolk-cella. 

Telolecith&l Segmentation and Gastrnlation.— Owing to the 
immense amount of yolk in the oosperm of an Elasmobranch, seg- 
mentaiion is only very partial. The protoplasm of the oosperm 
mainly segregates to the upper pole, and here also the yolk granules 
are of smaller size: this area is termed the germinal disc. A 
delicate protoplasmic network extends tbroogboot the whole of the 
yolk. 
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Segmentation commences by a groove extending nearly acroasl 
the germinal disc ; this is crossed by a second at right angles to it ; 
subsequently other grooves appear, and horizontal lissures convert ' 
these into polygoual masses, each of which is provided with a 
nucleus, and is, in fact, a segmentation sphere (compare fig. 27), 
Eventually a circular cap (blastoderm) of minute cells is formed, 
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of which an upper layer is distinctly columnar and constitutes 
the epiblast, while the underlying mass of rounded or polygonal 
cells is the primitive hypoblast or lower-layer cells, A cavity, the 
segmentation-cavity, soon occurs within the latter. Although the 
blastoderm is sharply defined from the underlying yolk, the latter 
must be regarded as essentially homologous with the lower-layer 
cells, the main difference being that the primitiTe hypoblast J 
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segments into definite cells in that area where there is sufficient 
protoplasm, whereas in the greater portion of its mass it is unable 
to segment, owing to the preponderance of food-yolk. Neverthe- 
less, the nuclei belonging to the latter divide, and the nuclei thus 
produced (figs. ZJ, B, c, 26, n) may be seen at the upper surface of 
the so-called yolk. In process of time these free nuclei form cells, 
of which some pass into the blastoderm, and others will constitute 
the floor of the mesenteron. 

At one region the blastoderm projects slightly from the yolk, 
forming what is termed the embryonic rim. At this spot the 
epiblast, bending round the rim, imperceptibly passes into a colum- 
nar layer (hypoblast proper), which is beiug differentiated from the 
lower-layer cells (fig. 26). This differentiation extends anteriorly, 
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and a space is left between the developing hypoblast and the 
onderlying yolk. The embryonic rim is the dorsal lip of the 
blastopore ; the anteriorly progressive differentiation of the lower- 
layer cells into true hypoblast corresponds with the gastrula in- 
vagination of other types, and the cavity between the hypoblast 
and the yolk is the archenteron or the future mesenteron. Those 
lower-layer cells which do not participate in the hypoblast consti- 
tute the mesoblast (see p. 67}. 

The blastopore proper is situated at the posterior end of the 
embryo. The blastoderm gradually extends over the yoke in every 
direction except immediately behind the embryo, which thus comes 
to be situated at the end of a bay or sinus. In process of tlma 
the yolk is entirely surrounded by the blastoderm, the edges of 
which unite in a linear manner (primitive streak) behind the 
embryo (fig. 35, B, U). 
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The segmentfttion of the Fowl's egg corresponds sufficiently 
closely with that of au Elnsmobrauch to obviate a description. 
Fig, 27 illustrates a superficial view of the segraenting blastoderm, 
and figs. 28-31 show sections at various stages of segnjeataUon. 
Duval states that the segmentation-cavity appears very early 
(fig. 29) ; it is bounded above by a single layer of epiblast-cells, 
and at first below by a single layer of primitive hypoblast cells ; 
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but the latter soon becomes composed of several layers and the 
segmentation -cavity is obliterated. The blastoderm of a newly- 
^^ ^SS C'S^- 3^ ^"*' 3O consists of a definite epiblastic layer and 
au inferior irregular mass of rounded cells, the primitive hypoblast 
(lower-layer cells), whicli lies loosely on the yolk. In the upper 
sorface of the yolk free nuclei occur, which have the same signifi- 
cance as those of the Elasmobranch ovum, i.e., they represent 
primitive hypoblast cells whose walls are not limited. After incn- 
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bating for an hour or two tlie latter mass is differeutiated into a 
lower stratum of flattened cells the I13 poblast pr per and scattered 
mesoblast cells lying between the ej-iblast and hypoblast The 
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imperfect cavity (sub germinal cavitj) between the h)poblaBt and 
yolk corresponds with the arehenteron of other forms 

Diisal has figured a longitudinil section of the blastoderm of s 
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Canary about this stage (fig. 32). The slit between the blaatoderm 
and the yolk is at the posterior end of the future embryo, and cor- 
responds with the slit-like aicheiiteric invagination of the Lamprey 
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(fig. 60) or Frog (fig, 24), or better still, with stage b, or one soine- 
wbat earlier, of the diagram of the ideal vertebrate (fig. 25). Tlie 
yolk of the Bird is clearly homologous with the yolk-cells of the 
Frog ; and the surface of the yolk imcovered by the blutoderm 



THE STUDY OF EMBRYOLOGY. 

of the one corresponds with that area of the yolk-cella not sur- 
rounded by the epiblast in the other. 

It must be remembered that the blastoderm at this stage corers 
only a very small extent of the surface of the ovum, and that figures 
80 greatly enlai^ed aa figs. 30-32 rather tend to give an ext^erated 

I idea of the relative size of the blastoderm with regard to the 
nst of the oosperm. The blastoderm of this stage is considerably 
smaller than the central pale area in fig. 6. 

In a surface view of the blastoderm of a newly laid Fowl's egg, 
a central transparent nearly circular space (area pellucida) la seen 
surrounded by an opaque ring (area opaca). The former appear- 
ance is due to the fact that the blastoderm is separated from the 
yolk by a shallow space filled with a fluid, whereas the area opaca 
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rests on the yolk iuelf. The embryo is developed within the ares 
pellucida alone (see tig. 6). The area opaca gradually extends 
over the whole surface of the ovum enclosing the yolk, its lowei^ 

k layer of primitive hypoblast gradually assimilates the enclosed 
yolk. That portion of the area opaca immediately surrounding 
ttie area pellucida develops a large number of blood-vessels and 
ll knon-n as the area vosculosa N'ulritive matter is transmitted 
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to the blood by the hypoblast of the area opaca, aad by it conveyed 
to all the regions of the body of the embryo. 

To anticipate, as the embryo is being formed, an anterior, and 
later a posterior, fold in the blastoderm make their appeareance, 
which mark the anterior and posterior extremities of the embryo ; 
they are known as the head and tail folds. The head-fold travels 
backwards and the tail-fold forwards in such a manner as to con- 
atrict the embryo from off the yolk. Less marked lateral folds 
also appear. Eventually the embryo is quite constricted off the 
yolk, so that it is merely connected with the latter (or yolk-sac, as 




it 18 now termed) by a narrow stalk. The development of the 
embryonic structures known as the amnion and the allantoia will 
be considered in another section (p. 78). 

The Primitive Streak. — Tiie first noticeable sign of incubation 
in the blastoderm of the Amniota when viewed from above is the 
appearance of au opaque band wliicli extends some distance for- 
wards from the posterior margin of the area pellucida. This is the 
primitive streak, and its opacity is due to the presence of a greater 
thickness of cells than occurs elsewhere. Shortly after the primi- 
tive streak is formed a shallow groove (the primitive groove) 
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extends along its whole length. The area pellucida soon becomes 
oval in outline, and the primitiTe streak assumes a more central 
position (fig. 33}. 

In a transverse section through the prioiitive streak on its first 
appearance, the blastoderm is seen to consist of aa external layer 
of columnar epiblast ; inferiorly there is a layer of flalteued cells 
(hypoblast) which extends from one yolk-wall to the other. Be- 
tween those two layers is the third germinal layer or mesoblast. 
Oil each side, especially close to the yolk or germinal wall, tlie 
mesoblast cells are loosely heaped up, whereas in the centre tbejr 
form a dense mass, which, appearing through the epiblast, gives its 
characteristic appearance to the primitive streak. In the region 
of the primitive streak a fusion of the epiblast with the axial 
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mesoblast always occurs (Ggs. 34, 43), and a complete fusion of all 
the layers occurs in a limited area in some forms (fig, 43, c). 

At a slightly later stage, on the appearance of the primitive 
groove, the epiblast and hypoblast have much the same character 
as before. The axiat or primitive-streak mesoblast has, however, 
a greater lateral extension (fig. 34), and is readily distinguishable 
from the other mesoblastic cells, which have now assumed a stel* 
late character. 

Although, for the sake of convenience, an account of the fop> 
mation of the mesoblast is relegated to another chapter, it is 
impossible to avoid referring to this germinal layer in this place, 
aa it« history is so closely connected with that of the primitive 
streak. 






SEGMENTATION AND GASTRULATION. 



41 



The changes which have occurred are brielly these. The lower- 
layer cells or primitive hypoblast have become differentiated into 
au inferior sheet of flatteued cells (hypoblast) and au intermediate 
tissue of scattered cells (mesoblast). In the mesial line behind 
ihe future embryo, the epiblast by rapid cell-division (prolifera- 
tion) has given rise to a linear mass of axial mesoblast, which later 
widens out into a lateral sheet of cells. 

Nature of the Primitive Streak-— Very much has been 
written coiiconiinLj tlie significance of the primitive streak, but it 
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is now geoerally admitted that it represents the fusion of the lips 
of the blastoderm, which meet behind the blastopore. 

The embryo develops subsequently in front of the primitive 
streak, the posterior end of the one coinciding with the anterior 
end of the other (figs. lOO. lOi). At the anterior end of the 
primitive streak a pit usually occurs, which frequently perforates 
the blastoderm, and corresponds to the blastopore. In the Lizard, 
Weldou finds that the primitive hj-poblast first takes on the 
character of the permanent hypoblast at the anterior border of tins 
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pit (blastopore), in this respect recalling the development of the 
so-called inv^inated hypoblast of an Elasmobranch. In the 
primitive streak of a Lizard all the three layers are fused together. 
Fig. 35 graphically illustrates how Balfour assumes the primitiTe 
streak to have originated. Fig. a represents a view of a Frog'a 
oosperm at a slightly later stage than Fig. 62 ; the yolk-cells are still 
slightly uncovered. Ad Elasmobranch's oosperm is shown at B; 
owing to the large increase in the yolk the latter is largely uncovered, 
but the blastoderm gradually fuses in the middle line behind the 




posterior end of the embr^'o, so that the latter comes to be centittUy 
aituated in the blastoderm. By an abbreviation of this process io 
the Sauropsida. the primitive streak itself is developed towurda ths 
centre of the blnstodenn (lig. 3;, c). This diagram indicates the 
area pellucida with the developing embrj-o surrounded by the 
area opaca, and beyoud this again is the uncovered yolk. The 
edge of the area opaca is often notched immediately opposite to 
the posterior end of the primitive streak ; and Whitman has 
described an abnormal form of a Fowl's blastoderm (fig. 36) in 
which the primitive streak extended right across the area opacn 
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to the niargmal notch, wliich ia plainly a reversion to a stage 
analogous to that figured in fig. 35, B. 

Since the epi blast becomes continuous with the primitive 
hypoblast at the lips of the blastopore of the Frog, it follows that 
OQ the junction of such lips there would be a fusion of the layers : 




this actually occurs in the Lizard. If a differentiation previously 
took place between the mesoblast and permanent hypoblast, the 
fusion of the layers would be less evident. It is then not sur- 
prising that, in such an abbreviated development of the primitive 
streak as we find in the Fowl, the hypoblast is already separated 
as a distinct layer (fig. 34). A comparison of a transverse sec- 




tion of an uncoaleaced primitive streak of a Nightingale {fig. 37) 
with the almost completed blastopore of a Frog (fig. 62, c, and 
D) will further tend to demonstrate the complete homology of the 
two stages. Duval has found traces of a similar condition in some 
Fowls' eggs, and the same may also be seen in a transverse section 
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of the blastopore of a Lizard. Mitaiikuri and Isliikawa have very 
recently described a perfectly similar stage in the Turtle (Trionyi). 
Sefrmeutation of the Mammalian Oosperm— Blastodermic 
Vesicle.— So far as is kuown, tlie oosperm of all the higher Mam- 
mals (Eutheria) undergo total and, at first, regular segmentatiotL 
In the liabbit, according to Van Beneden, the first furrow separates 
what he terms the epiblast from the hypoblast ; but it will be 
better, for the present, to call them, with Heape, the outer an<l 
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inner layer cells (fig. 38). Each sphere divides into two, and 
these into two more spheres. 

Id the eight-celled stage (fig. 38, c) one inner-layer cell is mora 
centrally situated. Further segmentation results in a cap of 
smaller, more transparent outer-layer cells surrounding a solid 
mass of granular inner-layer cells (fig. 38, e). Eventually the latter 
are entirely surrounded, except at one spot, the so-called " blasto- 
pore " of Van Beneden (fig. 39, a), but this is also rapidly closed 
over. 

The outer layer next enlarges so as to form what is termed the 
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blastodermic vesicle, wliile the inner layer remains attached as an 
irregular mass to that pole of the ovum where Van Beneden'a 
"blastopore" was situated. Later the blastodermic vesicle in- 
creases in size, and is bounded by a single layer of flattened outer- 
layer cells, and the inner layer forms a small disc of cells attached 
to the upper side of the vesicle (fig. 39, d). In the Bat, however, 
the " blastopore " of Van Eenedeii is larger, and persists until there 
is a considerable cavity in the blastodermic vesicle (fig. 40), 
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It would appear that this inner mass not only gives rise to a 
layer of flattened hypoblast cells by a differentiation of its inferior 
surface, but that it also gives rise principally, if uot entirely, to 
the epiblast of the embryo. As will be immediately shown, the 
inner-layer disc coiTesponds with the early blastoderm o£ other 
Vertebrates, the greater portion of the outer-layer cells forming 
the external wall of the blastodermic vesicle ; but they also extend 








E BLlHTUtltBD. 



as a covering layer (Deckenachicht) completely over the blastoderm 
proper. An extension of the hypoblast subsequently forma a 
secoud layer underlying the epiblast of the blastodermic vesicle. 

The oosperm appears at this stage (fig. 41) as a vesicle, of which 
the upper half is three-layered, the layers being the covering layer, 
the epiblast, and the now differentiated hypoblast (fig. 41, Ay), 
while the lower half consists for some time of a single layer of 
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epiblaat. The covering cella, however, soon disappear, either 
entering into the formation of the embryonic epiblost or become 
attached to the decidua (see p. 92} ; in the latter case they would 
not form any portion of the embryo proper. 

A translucent circular patch next appears at what corresponds 
with the upper pole of otlier oosperms (fig. 42), this embryonic 
area soon becomes ovoid and is homologous with the area pellacida 
of the Fowl. A primitive streak with its groove makes its appear- 
ance at the posterior end of the area. In the Mole, according 
to Heape, the blastoderm is perforated immediately iu front of 
where the primitive atieak is commencing to form (fig, 43, a); 
later this spot is marked by a small down-growth of the epiblast, 
vhich really corresponds with the anterior border of the blastopore. 
Somewhat more posteriorly a complete fusion takes place between 
the epiblast and incipient meaoblast (fig. 43, r), while at the pos- 
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terior end of the streak a complete fusion of all the layers ooouis 
(6g. 43, c) ; but the three layers are distinct beyond the streak'itself. 

The similarity of a Mammalian blastoderm at this st^e with 
that of a Bird, or especially of a Lizard, is very strikiug, and it led 
Balfour to propose the view that the Mammalian ovum originally 
possessed a large quantity of yolk, since the blastodermic vesicle 
ta clearly homologous with the yolk-sac and contains a coagulable 
fluid comparable to some extent with the yolk. The primiti\"e 
streak is the same structure in both Sauropsids and Klammals. 
that is, it represents a vanished blastopore. 

It has since been proved by Haacke and Caldwell that the pre- 
viously known but discredited fact was true that the Monotremata 
are oviparous, and that the egga are in all essential points per- 
fectly comparable with those of Reptiles. Thus Balfour's deduction 
froui purely embryological data has been verified. 





SEGMESTATION AKD GASTRULATION. 



47 



The primitive possession and tlie subsequent loss of food-yolk muat 
be taken into consideration when dealing witli the earlj stages of 
the development of the higher Mammalia. It has already bees 
demonstrated how the presence of a lar^e quantity of yolk is a 
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disturbing factor; the subsequent loss of this would necessarily still 
further complicate mitters 

Bilgs«it«d ExpUnatioii of HammaUan Segmanlation.— The roUowing BUgg«a- 
tiOB8, lintriooslj pubhsbed I: j the author inai perhaps tend to eluiidata the apparent 
aDoniBiy of the process of segmentatioD in a Mmnmahsn oasperm A somewhat 
MmUM hypothMia wna ladepeadenlly arnnid at bj Hinot 
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ThBocupermotahypotlieticalprimitiTemBtnniBUtbe Uonotrcme'sooapenn is doubt- 
]m» vny rimUar to this) in which the yolk ia still present la represtinted in fig. 44. 
Ttie blaitodenn, which rests Dpon the yolk, consists of an epiblnstic layer and a mau o[ 
li>«ci-lsyer ceUa ; the yolk is lieing suiroundcd by tlie noB-cmbryonie epiblast (cp')- 
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An oosperm in irhirh the yolk is supposed to havo bflcn lost is shoirn in ttg. 4^ t ; 
and, owing to iu ■bsence, the yolk blMtodnrm or nou'cmbrronic epiblast hu prera- 
ciouslj completed the blastoilennic vesicle, and the blutodcnn lins nink into tbm 
nrity of the doit omptj yolk-sac. This lif^urD pmcticatlj correspondji irith tli* 
oosperm of the Bat figured above (Sg. 40). 

The inner man is thus composed from the flrst of epiblost and primjtiro hvpo- 
blut, and the break in tlio outer layer ("blastopore" of Van Iknedeu) mmlf 
indiestei the passs^ from tlia yolk blastoderm or area opaCB to the embr^Mlic 
biwlodenn or area pelliicida. 

The increase of yolk during the evolution of a nierohloslic from a primitiTvty 
holoblastic oosperm results iii a growth of the epiblast over the yatk. This >)■• 
occurs in the Monotremala ; but even after the yolk was lost this loDg-inhantvd 
tendency would persist ; and aince tlie yolk ia ibsent, the completion of tlio over- 
growth would necessanly be very precocious ; so it comes abont tllat in the Babbit 
I It is completed in about seventy honrs (Gg, 39). 
In fig. 45, «. the epibloit has grown over the embryoni 
>m1]s (DeckenivUen). Lastly, tbo invagination of the 

(fig. 4t), and there is a donblB-laycred oosperm, the covering cella fonoing the ipo- 
rions third layer, which misted Yau Heneden into describing the oosperm at Uiii 
•tage as coDsistiug of tlie three primitive germinal layers. 

The completion ot gaatruIatioD, which in Vertebrates with metx>- 
blastic (teloleciihal) oosperms is indicated by the appear-ance of the 
primitive streak, marks the close of the last stage of development 
which is common to all the Metazon. 

0. Gastralation by Immif^tion and DelaminatioiL— All 
the above-mentioned cases of gastrula formation maj be reduced 
to one common type — invagination. There is, however, another 
series of phenomena which equally result in the formation of a 
double-layered from a single-layered embryo, which only occurs 
amongst the Hydromediiste, and possibly in some Sponges, 

Tlie development of Obelia (fig, 46}, which has been recently 
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studied by Merejkowsky, will serve as a type. Tlie segmentation 
is regular, and results iu a large oval blastuJa, tlie cells of which 
are equal in size and ciliated; the wall is also stated to be per- 
forated by small pores. The embryo next becomes somewhat 
narrowed at the posterior end.* One by one the cells at the ex- 
treme hinder end of the embryo become amoeboid and pass into 
the segmentation- cavity and wander about, congregating at fii-st 
chiefly at the binder extremity ; eventually the entii'e segmentation- 
cavity is filled np by a cellular network formed by the fusion of 
the pseudopodia of these endoderra cells. Metschnikoff proposes 
the name ■' parenchymula" for such an embryo, which is formed of 
au ectodermal layer and a central solid moss of endodermal celU, 
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but without a mouth. The term "planula" is usually applied to 
this and the succeeding stage. The endoderm now applies itself 
to the ectoderm as a definite layer, leaving a central cavity; the 
archenteron and the free-swimming planula is a cilialed elon- 
gated two-layered embryo, alao destitute of a mouth. After a 
short free existence, the planula attaches itself by its anterior end, 
the ectoderm secretes a perisarc, & mouth and tentacles appear, 
and the hydroid stage commences. 

In this type the endoderm is formed by immigration, which is 
positively stated to occur only at one pole of the blastnla, 

W. K. Brooks describes the planula of the Hydromedusoid 
posterior" liBva reference mcrelj to tlie direction 
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Eutima as transparent and pear-sbaped ; he actually witnessed tha 
inner ends of some of the ectoderm celU splitting off (delaminaU 
ing) to form the endoderm ; this takes place most rapidly at tba 
small end, but endoderm cells are formed over the whole ian«r 
surface, aud they arrange themselves iu a single layer one cell 
thick around a central digestive cavity. 

In the specialised Hydromedusa Geryonia (fig. 47), Fol describes 
the formation of the endoderm by delamiuation from all Uie 
primitive cells of the blastula ; a mouth subsequently opens into 
the gastric cavity thus formed. 

Tbpss tliree types appear to torm ■ aeiiea, ot which tho first can acutwij ha 

IAoubted to In the moat primitiTe ; Rud the ronnatinii of the eododenn by deluDin^- 
tion may be regarded as derired secondarily Cram immiKntion. 
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I Id some Uydrozoa segmentation is stated to resnlt in a solid 

■mass of cells (Morula), the outer layer (ectoderm) of which ia next 

split off from the internal solid mass. A central cavity appears 

in the latter ; the cells bounding it are ultimately arranged aa a 

single layer of endoderm. 

AUbough there u atill diflereDCo of opbion on the lubject, the prewot avjdMie* 
~ its to tbo Tiew that immigntion ia claioly alliod to icvagination, of which, ia- 
1, It ma; bo regarded a siwcial form. DeUmiuation has probabl; ariua through 
prccociouanem in tlie fornmlioD of Ihe endoJontt. 

D. Saguntatlon ud QMtmlation of Spongti.— There is so mach dirariily in 
th« dsTelapment of ti[>oii^ei thai it is at preaent impossible to reduce the vanationa 
to one common (fpe, oa cuii be duno in other groups of antmnls. 

Segmentation, which is fsitly rof^hir, results in the furmation of a hollow blaatnla, 
the further developiueut of which varies accordingly aa a pUnula or an ai 
is funneil. 

Tht /7unuIti.~Th« plauula is a soltj embryo consiiting of an external colnmnai 
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B«geIlBte ecWdcno end a central Relntiaous substanca containing tmifiboid cells. On 
becoming fixed the ectodermal cells lire groatty flatten^ and lose their ilsgelU, and 
■ central cavitj appears lined bj a diatinct endodertnal eptthclium, which in tbeki: 
torn b«came flagellate. Tbe intemediste Usaue per^ixta u the mesoderm. 

The walls of tbe ceatral cuTity bnd olT flagellate chambers into the mesoderm, and 
all tbe endoderm, excepting that which linas the ctiambera, isconTorted iatoa plata- 
like epithelium. 

By perForations in its irnllB oicula and pores arise, and by Tarious foldings of 
ditferent parts the adult stags is reached. The structure of Spon^ea is, as a rule, 
greatly couiplicated by accelerated and retarded growth combined with concrescence 
and imperfect gemmilion. 

TKe A mj'\iilaituta.~Tbe amphiblaatiila ia a ballmr larra. one hemisphere being 
formeil of granular amosboid cells, tbe other of colamnar flagellate evils. The lattar 
^endode^m^ eTentually are invaginated Bithiii the former lecloderm). 

The hitherto rree-swimming gastnila becomes attached b; its blastopore. A 
middle layer (mesoderm) is now developed, apparently from the ectodermal cells 
[Metschnikoffl bat this rerjiitres confiniiatiaii. The complicatiotis which succeed 
differ according to the groap to vhicli the embryo belongs. 

Other methods of embryo- formation hare been described, but the tiro above 
mentioned may be taken as fairly representative j the second apjiears to be almost 
conGned t« the Catci«pongiK. 

In til cases the spicules are of meaodormal orif^n. Nerve-celU and sense-cells 
have quite recently been described in a few forms by Stewart, Von Lendenfeld, and 
Sotlas (p. 165), these are stated by Von Lendenfeld to be of mssodenual origin, as 
are kIso the nniceliular glands and the muscle cells. 

The Porifers form such n distinct sad divergent group of the Stetazoa that their 
development appears to have no direct bearing upon that of other Metazoa, 
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FORMATION OF THE MESODLAST. 



A3 has been previously mentioned, a middle or tliird germinal I 
layer early makes its appearance in ova between the epiblast and | 
the hypoblast, which is known as the mesoblast or mesoderm. 

Although the mesoblast is probably pliylogenetically younger ] 
(that is, arose later in the evolution of the primitive Aletazoa) than I 
the gastrula stage, it not unfrequently, so to epealc, is developed | 
precociously ; and throughout the animal kingdom the meso- | 
blast may often be recognised very early in development. This ia j 
why it has been unavoidable to entirely omit any reference to the ] 
mesoblast when dealing with segmentation and gastrulation. In 
reading this chapter, it must be remembered that the formation of 
the mesoblast is synchronous wiih the phenomena previously dealt 
with. 

There has been considerable difficulty in comprehending the 1 
nature of the mesoblast, owing to the fact of its diverse origin in j 
the embryos of various animals ; but, thanks to numerous recent j 
researches, it is now possible to arrive at a more definite con- J 
elusion. 

Id is necessary to bear in mind that two entirely distinct ] 
structures are included under the single name of mesoblast or J 
mesoderm; these have been termed "mesenchyme" [Hertwig] aud | 
"mesothelium " [Minol]. For the sake of clearness these will be J 
considered apart. 

I. Origin of the Mesenchyme. — In the embryos of a number I 
of forms, amoeboid cells are budded off during tlie blastula stage, 
either from the epiblast or the hypoblast, or from both layers, j 
Minot has proposed the term " mesamceboids " for such wandering j 
cells, instead of the more cumbersome titles of " mesenchyme I 
germs " or " primitive inesenchyme cells " of Hertwig. 

Mesenchyme alone is present in Sponges; the mesoderm consist I 
iiig in this group of mesamceboids derived in the adult from the .J 
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endoderm cells, although it is stated to arise from tlie ectoderm in 
the embryo. 

In tlie Ccelenterata the mesoderm may be represented only by 
the structureless lamella, as in Hydra ; or by gelatinous tissue in 
which are scattered stellate cells (mesamCEboids) mostly of hypo- 
blastic origin in the Scyphomedusie, and mainly of epiblastic 
origin in the Ctenophora. 




During, or even anterior to, the invagination of the nrchenteron 
in Echinoderms (fig. 16), meaamfcboids are budded off from the 
incipient hypoblast (6g, 48). These cells wander throughout the 
segmentation -cavity and adhcro to all tlie organs as they are 
formed, thus forming a mesoblostic investment. 

In the Platyhelminth Linens obscurua, Hubrecht has recently 
shown that the meaamteboids arise during the gaatrula stage from 
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the epiblast and hypoblast (fig. 49), but mainly from tlie latter; 
and it ia probable that the truly mesoblastic organs are derived 
solely from the latter (see p. 165). lu Leptoplano, four primitire 
mesoblast cells are segmented from the four yolk-hypobiast cells, 
and very soon they come to be situated at the lips of the blastopore. 
As the epiblast grows over the yolk-hypoblast (fig. 50), the me»o- 
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blasts, v'hich now appear as four bands, pass to the upper pole 
and obliterate the segmentation-cavity. The large amount of 
yolk present in the hypoblast has clearly exerted a diaturbing 
influence upon the origin of the mesoblast. 

In the Discophora the mesoblast early forms two bands, wliich 
arise from cells which must be regarded as yolk-hypobloat. 



so,— a*niicuT«n xnOsu- 
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Stellate mesoblast cells, which may be considered as mesencby- 
inatous, traverse the space between the epiblast and arcbenteroa 
in tlie frce-swimniiiig larvie of some Polychtetc Worms (Serpnla) 
before the true co?lom is developed. Similar cells are also to bo 
found in the pre-oral lobe of embryo Oligoch^tes. 
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In the MoUuaca, as a wliole, the mesoblast is derived from cells 
intermediate in position between the epiblast and the hypoblast 
(fig. 1 8), but wliich may be considered as belonging to the latter 
rattier than to the former. 

The presence of mesenchyme in any of the higher Metazoa 
must for the present be regarded as an open question. 

a. Origin of the Mesothelium.— Paired outgrowths from the 
archenteron, which nltimately become constricted off as closed 
sacs, make their appearance on the completion of the gastrula 
stage in such diverse groups of the Metazoa as the following :— 
All the Echinodermata ; the Chretoguatha (Siigitta); Brachiopoda 
(*'o- SOi Peripatus (fig. 69); Balanoglossus ; and Amphioxus 
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ffig. 56). Tlie cavity of these sacs will form the body-cavity or 
ccelom of the adult, and the walls constitute such mesothelial 
tissues as the peritoneum, mesentery, muscles, and the excretory 
and generative organs. 

Amongst the Echinodermata a pair of such diverticula usually 
arise from the blind end of the archenteron ; sometimes ouly a 
single vesicle is constricted off, which immediately divides into 
two. Tlie former is probably the more primitive raode. Tliese 
two sacs enlarge and lie one on each side of the archenteron 
(fig. 52); the left further gives rise to the third vesicle, which by 
radial prolongations develops into the ambulacral system of these 
animals. The two remaining sacs eventually increase in size, so as 
to fill up the whole of the segmentation-cavity, The alimentary 
canal thus comes to be surrounded by the two vesicles: when 
these meet each other in the middle line, their applied walls 
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become more or less absorbed, the remains forming the mesentery 
of the adult, and the conjoint cavities constitute the coslom or 
bodj-cavity proper. It will be remembered that there exists a 
layer of mesenchyme between the epithelium of the body-cavity 
(uiesothelium) on the one hand, and the epihlast of the body-wall 
and the hypoblast of the alimentary canal on the other. 

With the exception of not giving rise to an ambulacral system, 
and a possible absence of mesenchyme in some, the formation of 
the coelom is practically identical in the above-mentioned forms 
with that of the Echinoderms, 

Conn has recently stated that in Serpula, vrhich appears to have 
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a more simple development than most other Chfetopoda, the 
mesoblast arises at the posterior end of the elongated blastopore. 
At first stellate mesenchyme cells are formed which stretch across 
the segmentation-cavity, and some of which enclose a small 
posterior vesicle (anal vesicle). The remaining mesoblast cells 
rapidly give rise to two bands of cells, one on either side of the 
alimentary canal, and extending forwards to the mouth; these 
"mesodermal bands" segment and become hollow, thus forming 
the many -chambered body-cavity, and giving rise to the usual 
meaoblastic structures. In one Earthworm (Lumbricus trape- 
zddes) the mesoblast is partly derived from " mesobtasts " which 
are distinguishable before the segmentation-spheres are arranged 
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into diatinct lajrera ; but Kleineuberg mclines to the view that they 
are epiblastio in origin. The mesoblasts by cell-division form a 
pair of latero-veutral mesoblaatic bands, which further develop as 
in Serpnla. As the development of the Oligocha^ta is undoubtedly 
abbreviated, the origin of the meaoblast ia consequently liable to 
be modified. 

In the Freah-water OHgochEete Ehynchelmia (Euaxes). as a con- 
siderable amount of yolk is present, the gastrulation ia epiboUc. 
The chief portion of the mesoderm arises very early from two 
mesoblasts, which are derived from the primitive hj'poblast cells. 
The two mesoblastic bands occur at the junction of the epiblast 
with the hypoblast (fig. 53). 

There is considerable uniformity in the accounts of the origin of 
the mesoblast amongst tlie Crustacea. It may be formed by paired 




m Ihroush bUitiilA itige of twenty {^11 p. 
iblnat. C. RpllntlD imiitniU witl 
, yoLlc, or iitiiultlTa bfpobLut ; r 



proliferations from tlie hypoblast cells of the neck of the archenteron 
during gastrulation (fig. 54), or from one or a pair of cells which, 
in the blastula stage, occupy a position between the future epiblasC 
and hypoblast, and which sink into the segmentatiou-cavity. It is 
probable that the latter case is merely a precocious abbreviation of 
the former. The presence of mesenchyme in this group is not yet 
satisfactorily established, though Reicheubach has described the 
development of what he terms " secondary mesoblast " from the 
hypoblast cells of the Crayfish (fig. 54, F) on the completion of the 
gnslrula stage. 

The origin of the mesoblast iu the Trncheate Arthropoda is 
still obscure. In Insects it is partly derived from a ventral groove 
of the epiblast, and in Spiders from an analogous solid keel. The 
latter is probably a modification of the former process, and Balfour 
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has homologised the mesoblastic groove of Insects with the blasto- 
pore of a vanished gastrula stage. In both groups the mesoblast 
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appeai-s to be added to by cells 
A pair of mesoblastic bauds 



ig from the yolk-hypoblasL 
much as in tlie Chseto- 




pods, which similarly segment, each segment containing a. portioa 
of the ccelom. 

In all the invortel>r8te groupa tlie mesoblast mainly arisCT from tell* which g 
iDwarJly from the lip of tlie blasto]Kire. lu uloBuIjr allied forms the primitiTs call* 
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Ttry from an Rpparent); qiibluAie to an apparently hypoblastk, or to en inter- 
mediate place nf origin. The eitrema variatioDs miiy be neglootsd, as being in all 
probability of only secondary Bignilicance. 

Since this was in type Sedgwick has shown that the somites in Pcripatna [lig. 6g) 
do not directly arise as orcheDteric diverticula, but are separated from a pair of 
metoblaatic bnnda as in CliEtopoda. The somitea are at first ventre-kteral in 
position, but soon acquire a dorsal eitonsion and divide into two parta The dorsal 
parts come into contact above the enteron, but do not ntiits with their fellows ; 
anteriorly they are early obliterated, bet persist posteriorly aa the (generative glands. 
The ventral moieties reniaiti distinct, and conaist of a smnll vesicle sitnated in the 
b*M or the appendages, leading from which ia a ainall coiled tube (nephridinm), 
which acquires an e^itemal opening. The Hertwigs have interpreted the formatioa 
of the mesobhut iu Inseota in terms of archonteric direrticnla (fig. 55}, but the 
nndonbtedl; primitive character of Peripatue reudera its development especially 
important. Although the cavities of mesobtaatic bands and archenleric diverticula 
are hotnologoDB, their exact relation to one anotber is somewhat obscure. 

Whatever views may be held as to the precise position of the Ch^tognatha, 
Bracbiopoda, and Balanoglossus, the presence of arclienteric diverticula in these 
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forms proves that it occnrreJ in serera! of the primitive Worms ; bo it may be safely 
raneladed that the meaoblaat (for the most part, at all events) of the Gepliyrea, 
folyioa, and Nemnloda beloogs to this calcgoi'y. 

It will probably be shown that mesothelinl mesublast occurs also in all Molluscs. 
It U profcablo that the pericardium of this group reiiroseuts the true boiJy-cavity of 
other orders ; but even if this is the case, there would be a marked preponderauce of 
mesenchyme over mesothetium in (he meaoblast. 

There are not sufficient data to come to a defiuito conclaaioQ concerning the exact 
natnre of the mesoblast of tlie I'latyhelmiutlia. 



Origin of the Meaoblast in the Ohordata. — There appears 

to be no valid reason for refusing to accept Bateson's conclusion 
that Ealanoglo35us is a persistent representative of au early stage 
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ill the evolution of the Chordata from the unsegmented Worms. 
He has extended the observation of others that the mesoblast in 
this remarkable form ia derived from archenteric diverticula in 
a manner very similar to that which ia characteristic o£ the 
Echinodermata. But the details of mesoderm formation ia this 
form and in the Tunicata must be passed by. 

In Amphioxu3 the formation of the mesoblast is of remarkable 
Bimplicity. The development of this form (p. 29) was traced to 
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an elongated gastrula stage with a dorso-posterior blastopore. 
Two small pouches soon arise from the archeateron (fig. 56, a) 
near the anterior end of the embryo, one on each aide of the 
median dorsal line. Tliese are followed by otliers, which ara 
successively developed from before backwards (fig. 57, D, E). These 
extend laterally alotig the dorsal side of the embrj-o ; but, as seen 
in fig. 57, E and F, they are not placed aymmetricaily opposite one 
another. 
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The arclienteric diverticula very shortly become constricted off 
from the arclienteron, or meaenteron, as it should now be termed 
ig. 56, b), and form a series of closed sacs (mesoblaatic somites or 
primitive segments). Each somite encloses a distinct cavity or 
coelom. The somites gradually extend in a ventral direction, 
enclosing the alimentary canal (meaenteron) (fig, 56, c) ; and by 
the subsequent fusion of their cavities form the small ccelom or 
body-cavity of the adult. 

The outer layer of the somites is known as the somatic or 
peripheral mesoblast, the inner layer being termed the splanchnic 
or visceral mesoblast. The dorsal moities of the somites lose their 
cavities, and become transformed into the great lateral muscle of 
the larva and adult ; hut the primitive segmentation is permanently 
retained. 

It is readily apparent (fig. 56, a) that the mesoblast is derived 
from two regions of the hypoblast. The ventral layer ia continuous 
with the digestive portion of the hypoblast ; while the dorsal half 
is derived from the axial hypoblast. The remainder of this latter 
is converted into the notochord (fig. 56, B, nth). The separation of 
the somites and the notochord from the avcbeuteron appears to be 
due to the dorsal growth and coalescence of the digestive hypoblast 
below these structures. The cavity of the archenteron equals that 
of the mesenteron + the cceloms of the mesoblastic somites. 

There would seem to be no mesenchymatous elements in the 
mesoblast of Amphioxus, unless the pair of "hinder-pole mesoderm 
cells" (fig. 23) are to be regarded as such. They arise from the 
hypoblast at the ventral lip of tlie completed gastrula, and are 
stated by Hatschek to give rise solely to the caudal mesoderm. 

The origin of the mesoblast in the Newt (Triton) is very in- 
structive, as it serves to elucidate the formation of the mesoblast in 
I'eptilia and to reduce the latter to the type of Amphioxus. On 
the completion of the gastrula stage the mesoblast is only to he 
found close to the blastopore (fig. 58). The main portion grows 
out as a pair of lateral sheets dorsal to and at each of the blasto- 
pore (fig. 58, B, m). Tlie brothers Hertwig at first described 
the mesoblast as composed from the commencement of two 
distinct layers, the outer growing from the epibtast of the lips 
of the blastopore, and the inner from the primitive hypoblast. 
Each lateral sheet is, however, at first a solid mass of cells, which 
Kradually extends forwards and downwards, i.e.. anteriorly and 
ventrally. According to Scott and Oaborii, the lateral meso- 
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blast also increases at tlie ctpeuse of the yolk-hypoblasL 
inesoblastic sheets very early split into two layers, an exterml | 
somatic and an internal splanchnic. The cavity between the twn 
layers exteniis ventralwards, and forma the body-cavity or ccelom. 
The anterior extension of the paired or dorsal mesoblast appears 
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to occur at the expense of the hypoblast, in a similar manner to 
that described for Amphioxus (fig. 59). Hertwig describes the 
dorsal layer as arising from the " Ohorda-entoblast " (axial or 
notochordal hypoblast), and the ventral from the "Darm-ento- 
blaat" (digestive or gut hypoblast). 




In the Newt, and all the higher Chordata, as in Amphioxai, I 
the axial hypoblast or notochord is in direct contact with the 1 
neural epiblast, consequently tlie dorsal mesoblast is distinctly 
paired. There ia a ventral growth of unpaired mesoblast from the 
lower lip of tlie blastopore (fig. 58, A, v, m). This occurs at the , 
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spot where the epiblast and hypoblast pnss into each other, and it 
is difiicult to say which layer has the larger share in its formation; 
if either, it is perhaps the epiblast. 

The formation of Che mesoblast in the Lamprey ia, according to 
Colberla, practically identical 'with that in the Newt; in some 
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respects it is simpler than m the latter owing to less food volk 
being present in the ovum Tlie position of the paired mesoblast 
IS clearly shown in figs 60 and 61 The two lateio dorsal sheets 
extend from the lip of the blastopoie some distance forwards, but 
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they have not yet acquired any lateral or rather ventral extension ; 
dorsally they are Beparoted from one another by the axial hypo- 
blast (figs. 60, A, and 61, a). 

According to Scott, a single layer of mesoblast (fig, 60, m") 
surrounds the lateral and ventral surface of the yolk-hypoblast 
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from which it is derived ; he also states that the paired mesohlast | 
grows forward from the blastopore, and that it does not exhibit , 
any intimate relation with the axial hypoblast. 

In hia recently published paper, Shipley states that in Petro- 
myzon fluviatilis the first formation of the mesoblastic plates 
appears to take f hce by a hfferentiation of the hypoblastic yolk- 
cells m mtu and not from invagiaated cells. Tbe subsequent 
downward growth 13 brought about by tbe cells proliferating along 
the free ventral edge of the mesoblast : these cells then growing 
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ventralwards push their way between the yolk-cells and the epi- | 
blast. 

In the Frog the niesohlast has a fundamentally similar origin to ' 
that above described, but tbe invagination of the mesoblast is less 
marked. The greater portion of the mesoblast is apparently de- 
rived by the metamorphosis of tbe small cells of the yolk-hypo- 
blast in situ (figs. 24 and 62) ; the result being that there is very j 
early a sheath of mesoblast, one or more cells thick, below tlia ' 
epiblast. The mesoblast is only interrupted alons the median \ 
dorsal line. The explanation of figs. 34 ami 62 sufficiently illns- 
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trate the character of the mesoblast of the Frog od its first 
appearance, 

Mitsukuri and Ishikawa have very recently shown that in 
the Turtle (Trionyx) the formation of the mesoblast closely recalls 
the same process in the Newt. Fig. 63, which represents a trans- 
verse section through the hind-portion of the head, demonsti'ates 
the paired mesoblast as arising by proliferation from the hypoblast 
at the spot where the digestive hypoblast is contiguous with the 
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axial or notochordal hypoblast. In this case, as in so many other 
instances, the proliferation may be regarded as a degenerate form 
of invagination. 

Behind the blastopore the inesohlast arises, as in Ampliibia, ae 
' an unpaired mass, and in this region there is a fusion of the 
three germinal layers, thus forming a primitive streak. 

The formation of the mesoblast in the Lizard (fig. 64) is inter- 
mediate between that which occurs in tlie Turtle and the Fowl. 
The paired mesoblast has much the same origin as that to be 
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atioitly described for the Fowl It arbes posteriorly Irom tiw 
walls of the blastopore aa a pair of lateral sheets, which are free 
for tlie greater portion of their exteat, but are fused iii the median 
line of the posterior region of the embryo with ibe axial hypo- 
blast. Anteriorly the mesoblast is derived from branched oelU, 
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which are budded off partly from the axial, and partly from the 
lateral hypoblast (fig. 64. i«). 

The origiu of the mesobtast has been very carefully studied in 
fiirds. One portion of the oiesoblast arises as a pair of lateral 
plates by the proliferation of tlie epiblast along the line of tbe 
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primitive streak (fig. 65). Balfour even says that during thia 
period many sections through the primitive streak give an 
impression of the mesoblast being involuted along the lips of a 
groove. A second pDrtion of tbe mesoblast is that which gives 
rise to the lateral plates of mesoblast in the bead and trunk of the 
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embryo. This is formeil of stellate cells, whicii are at first readily 
distill guishable from the rounded cells of the former class; they 
arise from the hypoblast mainly on each side of the median line, 
and especially in the region in front of the primitive streak ; in 
other words, iu the embryonic region. They are continuous behind 
with the lateral winga of mesoblaat which grow out from the 
primitive streak, and on their inner side are also at first contiuuoua 
with the cells which form the noCochord. 

The third portion of the mesoblast is derived partly from those 
cells of the lower-layer cells which do not form the permanent 
hypoblast, and which are scattered between that layer and the 
epiblast (figs. 30-34.), and partly from the germinal wall, or that 
ridge of cells, nuclei, and yolk-granules which in the early stages 
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of incubation forms the marginal boundary of the lower-layer 
cells or primitive hypoblast (figs. 6s, 66). The large primitive 
hypoblast cells of the germinal wall are undoubtedly nutritive 
in function, and ingest the underlying yolk. By cell-division 
they give origin to amtcboid wandering cells (fig. 66, vi), which 
are stated by Kollmanu to form the primitive vascular system, the 
blood, and also the connective tissue. In either case, the cells have 
the same morphological value since they are derived from lower- 
layer cells before the hypoblast proper is differentiated. 

While the paired mesoblast referred to above is clearly meso- 
tbelial in character, the mesoblast which arises from the lower- 
layer cells and the germinal wall appears to be mesenchymatous 
in nature. 

The development of the mesoblast in the Mole (Talpa) (fig. 67) 
has been shown by Heape to agree very closely with that de- 
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scribed above for Birds. Posteriorly the mesoblast arises where 
the epiblast and hypoblast are fused at tho primitive streak, and 
clearly owes its existence to both. In the region in front of the 
primitive etrenk the mesoblast is proliferated from the bypoblftst 
as two lateral masses which posteriorly unite with the above- 
mentioned mesoblast. There also appears to be an acitial con- 
tinuity between the developing notochord and the dorsal poition 
of the paired mesoblast 

There is soma diversity of opinion unoEigst other inrestigaton concerning Ilia 
origin of the mesolilMt aniongat Mamniala. It mty he concloded thM tb* MoIb, 
being ui Inwctivore, would probably not hive a very ijieciilinMl developnunt t<u 
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m Mtitimal, and, (or the preient, the abore atatement may be regarded m bcddiBg 
ftood (or Mammalia generally. 

Wh<D the anibryology of the T^totheria (Omithodelphia) ii inTestigatod, il will 
donblleaa be found to resomble that of the Lizard in many pointa, and will donoa- 
ftnt* that any pMuliarities in tbe development of Mammala la doe fint to Ik* 
praMDM, and tecondly to the nbaequeDt Ion, of food-yalk. 

Although in moat Vertebratea tbe mesothctUI meaoblast ii at firat aolid, it «W7 
■hortly aplil* into two layers, a peripheral or somatopleur, and a TiKeial or apUsch- 
Boptear (figa. 59, 71). The pleura peritoneal cavity or ctxlom thni produced fa 
atrictly Lomologoua with the peraii-tent body-canljr o( such (onna ai hara hoUow 
archenteric diTerticula, 

It is evident from tbe foregoini; sammary that the deriTation o( the true body- 
carily or cietoni (rotn arcbcnteric Uirerticala occurs in one or more example* «f 



FORMATION OF THE MCSOBLAST. 69 

nearlj &tl the inain gronps of tbe Hiinul IciDgdom. In the majority of ca«ea it occun 
in generalued, or, geoiogically ipnkmg, in ancient types. It may then be safely 
c^nclnded th>t this ii the primilire method of the fortnation of the nslom. Thii 
■tatemeot does not preclude the possibllit; of interstitial spaces or caiities occurrinKi 
aa in Flatyhelminthes, Arthropoda and Molliuca ; but tbeae, nol being lined by an 
epithelium derired ffom the archenteron, should always be diatinguiabod as paeudo- 
ccelons or srebictElous carities, as opposed to a true 1iody*<»Tity. It is bnown that 
minadermal (meseuvhymatoua) cella boonding a pseudocal (archiccel), or cavities 
derived therefrom, may soiuelimes becone SatteDed and form an endothelium. 
r There can be no doubt that the lateral ahceU of meaoblaat of Vertebrates wiih 
teloledthal ots are identiiud with the mesoblastic somites of Ampbioiua, and the 
latter again with the aiobeuleric diverticula of many InTerlebrates. 

A <r«ry instructire series con bo tneed from such aa alecitbal ovum as that of 
Amphioms through the Lamprey, Newt, Frog, Turtle, and Liiard. to tbe eitrenie 
teloiecithal type of the Bird. The lateral proliferatioD of the hypoblast in the 
Lizard aud Fowl [flgi. 64, 65) to form the mesoblaat ia possibly a aecondary process. 
Throughout thia series the aiial hypoblast takes its share in formation of tha paired 
mesoblast along with wliat bas been spoken of ss the digestive hypoblast. ' 

The primitive-stteak mesoblsst, as it is termed, is the equivalent of the mesobhist 
which aiissi from the lips of the blastopore ; aa, for example, in the Newt. A 
rerennce to the section dealing with teloiecithal gastrulation and the natore of the 
primitire streak will render further comment needless. 

AUoaion ha> previously been made to the origin of certain imlifTerent mesobhut 
cells from the primitive hypoblast, whiub appear to differ in character from the 
former, and which have been regarded as being mescui:liymaIou9 in nature. 

Stunmary. — The following is a brieE reaumi of the mesoblaatic 
elements of the Metazoa. 

Meaamoeboida arise, apparently indisciiminately, from the en- 
doderm (hypoblast) of larval and adult Sponges, and from the aame 
layer in Coelenterates. The cells which migrate from the ectoderm 
into the gelatinous tissue in the latter group are practically epiblastic 
mesoderm. In most of the Ccelenterates arclienleric diverticula are 
found, which never becouie separated from the alimentary canah 

Iq the Echinoderms, mesamceboids arise in the blastula stage, 
chiefly, it not entirely, from the incipient hypoblast ; and after the 
formation of the gastrula, archenteric diverticula arise, which be- 
come completely shut o£f to form the body-cavity of the adult. 

The mesamceboids of the Platyheloiintbs are derived, in some 
cases, at all events, from both layers of the gastrula. 

The exact nature of the mesoblast of Molluscs has not yet been 
satisfactorily demonstrated. 

The Arthropods and their ancestors, the Segmented Worms, 
possess an enterociElous body -cavity, although, in the great 
majority of cases, its method of development masks its real 
nature. The presence of mesenchymatous mesoblast in these 
groups has been questioned. 
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Lastly, in Vertebrates the mesothelial mcsoblast is extremelT 
well developed ; according to some iavestigators, mesenchyme is 
also present 

It ia worthy of note that mesenchyme is certainly phylogeneti- 
cally older than meaothelium, and that those requirementa which 
caused it to first develop may have continually recurred ; so that 
wheieas all the tissues or organs derived from mesothelium are. 
to a certain extent, homologous, those composed of mesenchyme 
may not necessarily be so. 

In this connection it is interesting to note that, according to 
Sedgwick, at an early stage in the development of VertebTates. 
most of the connective tissues of the wall of the body and gut are 
derived by a process of growth outwards of cells from the epi- 
thelium of the body-cavity The same, he believes, holds good for 
the connective tissue and blood-vessels of the Wolffian body, 

Gcelomic cavitiea. — Sedgwick has very recently drawn att«ntion 
to tlie history of the cavities enclosed by niesothelial niesoblast. 
He finds from his researches on Peripatus that it is probable that 
throughout the Arthropoda the cavity of the body and all the 
vascular spaces are pseudoccelous. The lumea of the generative 
organs is iu all cases cri'lomic, as is also the nephridia] apparatus of 
I'eripatus. The excretory organs of other Arthropoda require 
re-investigation. 

In Mollusca the pericardium, nephridia and possibly the dacta 
of the generative organs are ccelomic. The vascular system and all 
the lacuiiic in the body are pseudoccelous. 

In the Chietopoda and Chordata the cavity of the body is entirely 
ca>loinic, and from its walls are derived the nephridia and the 
generative organs. The pseudoctel (archiccel) is only represented 
in the adult by the complicated system of vascular channels. 



( 71 ) 



CHAPTER IV. 



GEMERAl FORMATION OP THE DODY AND DEVELOrMENT OF THE 
EMBBYONIC APPENDAGES. 
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The three germinal layers, tlie development of wtiicii lina now 
been traced, constitute the rough mnterial, so to speak, for the 
further building up of the embryo. No new formative tissue will 
make its appearance, and it now remains to follow tlie further 
history of these layers. Before this can be done in detail, it is 
necessary to gain some idea concerning the formation of the 
embryo as a whole, and of some of the various secondary atruc- 
turea which are often associated with larval or fcetal life. 

In all those forms possessing a small amount of food-yolk, such 
33 the Coelenterata, Echinodermata, most Vermes, a few Mollusca, 
Amphiosus, Lamprey, and Amphibia, the embryo has been carried 
to a stage which may roughly be stated to consist of an oval 
or rounded body wiih usually a single layer of epiblast. The 
primitive stomach or archenteron is lined with a single layer of 
livpoblast, and opens to the exterior by the usually posteriorly situ- 
ated blastopore. The archenteron is more or less surrounded by 
mesoblast, which, as has just been shown, may have a single or a 
multiple origin. 

Oceleoterata — Radial Symmetry.— The Ilydroid* m&y, in 
general t^rms, be said never to advance beyond thla stage. In 
the fixed forms, which may be regarded as tentacuUte giwtnilie, 
the mesoblast is merely represented by the inconspicuous struc- 
tareless lamina, the gelataaoas tissue of the mednsoid fonim with 
it« stellate cells, clearly having relation to their mode of life. Tb» 
development of many Hydioids is obscured by abbreviation. 

The Actinozoa can also be briefly diamisaed, bnt they arrive at a 
higher stage of evolntion tlian the Hydrotoa. A farther ingrowth 
of epiblast takea place at the blastopore, lo that a mouth and 
(Esophagns lined by epiblast are formed. Sach an epiblaatlc tO' 
growth is known as a stomodsotD. The walls of the body an 
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further symmeti'ically and bilaterally infolded. The cavity of the 
body (archeuteron) is thus divided into a number of diverticula or 
pouches, separated by mesenteries, which primarily extend to the 
wall of the depending cesophagus. The epiblast (ectoderm) does 
not enter into the mesenteries. 

The Actinozoa have advanced beyond the purely gastrula stage 
by acquiring a stomodffium and persistent archenteric diverticula. 
The compound and skeleton-producing forma exhibit no real 
advance upon tliis plan. Hieckel maintains that the Scypho- 
medusie and Actinozoa are offshoots from a primitive branch 
(Scyphopolypi) of the Cceleuterata. 




be ftppreuod toolbar. 

«dffO of mofiutflrr ; aj^ 
'""' '-- '- '- -iglludinil 



It is » very aigniiicant hct that, bo far u ia known at preBent, digeitioii takM \ 
place in tlie Actiuoion only by niean« of (he enlarged edges of tbe meietitc 
When food is introduced into the body, the edges of the mesenteries close Tonnd it 
and thus form a temporary stomach, which, for the time being. i» cat off from the 
archenteric direrticuls. This "stuniaeh" coDimunicutes with the exterior by the 
elongated mouth. The latter is otteo temporarily constricted at the sides, merely 
leaving an oriQce nt each end, which simulates a mouth and anus, as shown in 6^. 6&. 
Wilson and others, appreciating these facts, hB.ve speculated upon the poeaihlB origio .) 
of tbe higher Metazoa from such a primitive form. 

rormation of Body- Cavity. —In the Echinodermata a distinct I 
advance in structure is made consequent upon a free as opposed, f 
to a sessile existence. Owing, probably, to the hypoblast actually 1 
lining the wall of the body in the Actinozoa, the gastric pouches 
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can only be formed hj in^irths of the brpoblast utd i 

into the srcbenteion. There U, boverer, in the Eefaiooc 

(fig. 52] a iarge space, the s^mcDtattoo-cavity, between the 

archeuteron and the body-wsll (epiUast nov beli^ lined bj 
mesamceboids). Thus archent«ric diverticala can oe directly 
formed, and, being developed, can smoiuid the archenteron. This 
method of fonning a true bodj-cavi^ is also chanct«Tistic of all 
the coelomatous Metazoa, although it may be greatly modified 
and abbreviated. The actual foimation of the body-cavity in 
representative examples of the Metazoa has already been btieBy 
described, 

Hetamerism. — When only a single pair of archenteric diver- 
ticula are fcrmed, the animal is, in the true sense of the term, 
uusegmented. But usually a considerable number of diverticula 
appear, either directly from the archenteroc, as in Amphioxus 
(^o- 57)' or indirectly from the lateral mesoblastic bands, the 
abbreviated hut usual method (p. 56). These forms are termed 
segmented, and the segments may remain more or less distinct 
(Chffitopod Worms) or become almost obliterated (Vertebrates). 

The question of metameric segmentation is too intricate a one to be 
here discussed. It must suffice to point out that, while externally 
snsegmented, many Platyhelminth Worms have a repetition of 
their internal oi^ans, especially in the case of the gastric diverti- 
cula and the generative glands. In the GhEetopoda the body is 
divided into a large number of mesoblastic somites, and more or 
fewer of the organs may be implicated in this metamerism. In 
the great majority of Arthropods the segmeutation tends to be- 
come obscured — it only affecting the exoskeleton, the appendages, 
the muscular system, and the nervous system. 

The metamerism of the Chordata has many peculiar features, as 
sevend important organs are unaEfected by it, and others ouly 
partially 90. The neural plate and notochord always appear very 
early, and are from the first unsegmeuted. Whether primitively 
segmental or not, the nerves would necessarily acquire a serial 
position if the muscles were segmented. The segmentation of the 
vertebral column is unquestionably a secondary phenomenon. As 
Bsteson points out in dealing with the ancestry of the Chordata, 
the segmentation of the gill-slits has been acquired within the 
group uf the Chordata, as nothing resembhng them occurs outside 
it. The liver is from the first a single structure (e.y., Amphioxus 
upwards), and never shows any indication of having a paired 
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or multiple origin. Altliough the mesodermal segmentation of 
Amphioxus is so marked (ligs. $6, S7). tlie metamerism of tha 
Chordata is really very partial, and there is insuEficient evidence ii 
support of the view that the Chordata were derived from seg- 
mented ancestors ; the converse propDsition is perhaps more in 
accordance with the facts. Hubrecht has brought forward nume- 
rous arguments in favour of his belief that the Nemertean Worms 
and the Chordata arose from a common stock. Dohrn and 
Semper are the lea^Hng advocates of the Annelidan ancestry of 
the Chordata. 

Bilateral Sjfinmetry.— Metamerism and bilateral symmetry 
are the results of the progression of the animal in a determiiiate 
direction, and this also induces the development of paired ambu- 
latory appendages and the specialisation of an anterior region or 
head, and conversely of a passively following region or tail. 

It is as a result of the different impressions made upon them, 
and of their response to these stimuli, that the different regions of 
the body possess such marked and constant characters. 

Wlien an aninisl in aesiile, exterual inflnenois may act upon it equally in evsrf 
liirection, and in rasponHe to these tlie aninuil acquires a radial symmetry ; but when 
an noimtl progresKs in a delinite direction, the two aides of the body will be m)tj«ct 
lo Bomewhat different conditions IVom those affectitig the eitremo antarior extremity; 
On the development of distinct muscles to assist in progression, the stroat of the 
muscles would prohsblj make the bilateral symmetry more marked. It is also evi- 
dent that tliere would accrue a distinct adranlage to the orgBDiam if the musdel 
irere symmetrically situated and were of com parativaly short length, as by this muni 
they could act in concert or in opposition and give considerable poirer of motion to 
the animal This is eiactly the condition of the muacular somites (muscle'plataa), 
which ha»e already been iJoscribed for numerous embryos. 



Those Echinodermata which can move in any direction, such aa 
the Starfish, have a radial symmetry, which almost completely 
masks their fundamental bilateral symmetry as exhibited in the 
embryo. Almost without exception the remaining Metazoa are 
entirely bilaterally symmetrical 

A far greater degree of specialisation can be reached in seg- 
mented animals, as the serial multiplication of organs gives the 
necessary material for concentration, as a consideration of the 
anterior segments of tlie higher Worms and the concentration and 
adaption wliich has taken place in the head and anterior region of 
Arthropod a will fully demonstrate. 

The region in front of the stomodscum usually projects forward 
as the pre-oral lobe. This portion of the body, and that immedi- 
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ately anirounding the month, are collectively known as the head. 
Tram its position, the head ta the seat of moEt of the sense-oi^ane, 
and of the most specialised portion of the nervous ayetem. 

A post-anal extension of the hody constitutes the tiiil; this very 
rarely exhibits any features of special interest apart from the 
mechanical function of propulsion, which it sometimes performs. 

Paired lobes from the head or sides of the body are usually 
developed, which are jointed only in Arthropods, The dorsal pro- 
cesses on the head are usually sensory in function ; when ventral 
cephalic appendages are present they are modified to form masti- 
catory organs (jaws). The paired lateral appendages of the body 
variously serve for progresssion, prehension, or respiration. 

It must be taken as granted that the form of any given embryo 
is determined by two causes, first by inheritance, and secondly by 
the special conditions in which it is placed. It is one of the moat 
difficult of embryological problems to distinguish between these 
two, and to discover whether the larval form has any special 
phylogenetic significance. 

The characteristic larval forms of most groups of animals are 
now recognised to be of such great importance that they are 
described in most zoological text-books, and therefore need not 
be here dealt with. 

Pate of the Blastopore.— The fate of the blastopore is so varied 
as to have led to very different conceptions concerning its real 
nature, since the blastopore may persist as the mouth or the anus, 
or as both, or it may form neither. 

A. Invertebrates.^Without entering deeply into controversial 
questions, it may be regarded as a generally received opinion that 
llie blastopore was primitively elongated (see fig. 1 7). In Peripatua 
(fig. 69), which is admittedly an unspecialised form, the elongated 
blastopore becomes constricted in the middle, thus leaving an oriSce 
at each end, one of which persists as the mouth and the other as 
the anus. Both these orifices communicate with the archenteron, 
and as the body elongates the apertures become widi^ly sepamte, 
and form the terminal openings of the alimentary canal The 
ventral or neural aspect of the body thus corresponds with the 
surface on which the hlnstopore occurs, the fused lips of the 
blastopore coinciding with the median ventral line. 

Ab an ingrowth of epiblast usually occurs round the lips of the 
blastopore, the cavities of the mouth and anus are hned with 
epiblast. As has been previously mentioned, the oral invagination 
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is tetmed the stomodEeuin, and the anal is called the proctodffium. 
As a rule, the stomodEeum and proctodaum constitute a very Bmall 
portion o£ the alimentary canal as compared with that which ia 
formed by the archenteron (mesenteron). In Crustacea, however, 
the hypoblastic portion of the alimentary canal is, as a rule, rela- 
tively very minute (fig. 140). 

In Nudibranchs the elongated blastopore closes over from behind 
forwards, ao that only the oral aperture persists (fig. 17). In the 
Pulmooate Mollusc Paludina it is the anus which remains on- 
closed, and in most cases when the blastopore persists it does so 
as the B 




ijtrgiigh tEio blastopore of 
»». liypublanl ; I't. u 



Cbordata. — The relation of the mouth and the anus of the ] 
Chordata to the blastopore is a problem which is at the present .1 
time receiving considerable attention. 

The belief, however, is gaining ground that the neural aspect of 
the body in Vertebrates is identical with that of Invertebrates ; in 
other words, the terms dorsal and ventral have opposite meanings I 
as ordinarily ajiplied in these two groups. 

An KDCcstml form, of tho Cliordata may 1m concpiveil as having been an elongBttd 
fnimol witli a mouth aoil auiia vhich were the penUtent terminal oriGcei of the 
elong&ted blastopore. The body waa produced ia front of the mouth into a pn-oral 
tobe, but tbo anus wis situated at tho extreme hinder end of the animal. Tba 
Mginented body-carity waa derived from archenterio diTcrticula, sa la now the a 
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in Amphiojiua. The ocrvona Bystem was differentiited from the external skin, wid, 
being derived from a nerroua ring round the primitive blutopore, consisted of « 
ventnl pl&te mainly situated between the mouth and the anus; the symmetrical 
hdvBS of which it is composed would result from the junciioc of the lips of the blas- 
topore. In front of the mouth the nt^ura.! plate was greatly enlarged in connection 
with the epecialisation of tlie pre-oral lobe to form the brain, on which the pit-!ike 
Fjet were situated (fig. 139)- 

The folding over of the neural plate to form a neural tabe greatly diminished the 
facility of the communication of the archenterou with the exterior. In the larral 
AmphioiQs the archonteron for a long time opens into the posterior end of the 
neanl canal, through what is known aa the neurcnteric canal (Gg. 57), the neural 
canal itself opening to the exterior by an anterior pore. But the anterior region of 
the archentaron (pharynx) communicated with the exterior by means of the develop- 
ing gill-iiita : and it is assumed by Dohm and others that an anterior pair of gill- 
■liU gradnaUy became modiGad to form the vertebrate mouth, Sedgwick, however, 
bclievet that the mouth is homologous all through the Metazoa, and that it always 
retains its original position at ths anterior end of the true primitive blastopore. 

Moat erabryologiits conEider the anua of Vertehrales to he a new structure, bnt 
Sedgwick regards it as the posterior extreniity of the primitive hlaatopore. In Iha 
Lamprey, and several Amphibia, the blastopore ia stated to remain permanently 
open, and to persist as the auus. Weldon deacribes the proctodeeum in the Liard 
as arising within the region of the primitive streak. If the second view be estab- 
lished, it rollow* that, as in many Invertebrates, the anus of the Chordata assumes 
a aecondaiy position on the opposite, abnenral, side of the body to its place of origin, 
owing to the elongation of the body. This prolongation conatitntea the tail of tho 
Chordata, eee figs. 9S, 99, wliich illustrate this for the Frog. 

It haa been further supposed by Cunningham that the neural plate of the primi- 
tive Chordata was folded along the median line, so as to form a groove into which 
the primitive mouth and anus opened. By this time the anterior region of tha 
archenteron was perforated by paired slits, forming the characteristic respiratory 
pharynx of the group. 

The primitive mouth 0|>enL-d into the archcnleron near the anterior extremity of 
the nearal plate. Tlie folding over of the latter to form the neural canal wonld 
render the former aselese, and a pair of gill-slits are supposed to have assumed its 
faDCtion. Cunningham suggests that the infundtbulum (see p. 110) is the remnant 
of the primitive mouth, a view which he maintains is supported by the relatione of 
that diverticulum. 

The invagination of the neural plate caused the eyes, which appear to have been 
simple pit-like depressions of the pre.oral lobe, to develop as outgrowths from tha 
anterior region of the brain (Hg. 139) ; the relative position of tha ganglionic to ths 
retinal layer of the optic vesicle entirely supports this conclusion. An account ot 
tha development of the eye will he given later (p. 157). Other sense-organs were 
developed according to the requirements of the animal. 

The limbs of Vertebrates are now usually considered to be spedalisatiaM of » 
primitively conlinuoua lateral ridge or Bn. 

Accepting the interpretation given above of the homology of the Vertebrate embryo, 
the following fuaioua of the embryonic layers mnat be auppossd to occnr (sea fig. 6i|. 
I. The fusion of the lips of the primitive hlaatopora, extending from the primitir* 
month to the primitive anus, a region which roughly corresponds with the Denrtl 
piste. Hiss Johnson has described a primitive groove and a primitive atreak with 
the fnaioii of the layer* in this region in tha Newt. 

3. Ths union at the lips of the blastoderm behind the embryo in teloleoitlwl on, 
forming the " primitive streak " of most authors. 

3. The junction of the edges of the hlsBtodcnn as they unite after extendlog over 
the yolk. 
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Free Larvse.— Embryos may coramence a free txtstence iu prac- 
tically any stajjo of development, though the age at whicb an embryo 
is hatched or born is defiiiite for the species, jf nut for the group. 

Those forms 'which commence their free existence &t an eariy 
stage of development possess many larval structures and orgatu 
to enable them to hold their own iu the struggle for existence. 
During their further life-history they pass through regular stages 
of development, which are usually attained by gradual growth ; bat 
in some coses (fi.g., Arthropoda) the changes are hurried over tluriog 
moults of the akin. Speaking generally, alecithal ova are soODest 
hatched. 

The acquiremeut of food-yolk is associated with a prolongatioa 
of pre-natal existence, but the tendeucy to undergo a luetomorpbo- 
sis still persists. Consequently rudimentary organs occur during 
development which receive their explanation iu the luu of a fre* 
larval life, and even moultJngs of the skin may occur. 

Iu Yt;rtebrate3 higher than the Amphibia (Amniota) eertaia 
foetal appendages are developed, which must now be considered. 

foBtoI Membranes of Birds.— The following account of the 
embryonic appendages refers to the Fowl, but doubtless it is equally 
applicable to other Birds. 

Owing to the large amount of yolk present in the ova of Birds 
the embryonic area is relatively small. At first the germinal disc 
is flat, but soon the anterior extremity of the embryo is limited 
by a fold in the area pellucida, which is known as the head-fold, 
and, as was described on p. 39 (iig. 72), the embryo is gradually 
constricted off from the yolk, which is henceforth known aa Uw 
yolk-sac (umbilical vesicle of Mammals). 

The middle germinal layer (mesoblast) early splits into two lajera; 
the outer layer unites with the epiblast to form the somatopleur 
or body-wall and the inner unites with the hypoblast and con- 
stitutes the somatopleur. The apace thus produced, and which is 
surrounded by the mesoblast, is the future body-cavity («Elom). 
but it is often termed the pleuro-peritoneal cavity, as being the 
cavity which encloses the lungs and abdominal viscera; as will 
be subsequently described, the lungs come to be enclosed in a 
special portion of the ccelom. The splitting of the mesoblast 
first OCCU13 in the embryonic area, but as the mesoblast extends 
farther and farther round the yolk, it continues to split, as will be 
seen in figs. 70—75. Thus when the mesoblast entirely surrounds 
the yolk-sac (tig. 72, r and G ; 75, d), the latter really lies within 
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Uie body-cavity (pleuro-peritoneal cavity) of the embryo. By tlus 
time the yolk-sac is greatly reduced iu size owing to the absorp- 
tion of the yolk by the hypoblast and blood-vessels of the area 
vasculoso, and ultimately it dwindles away. 




AmilioiL — About the twentieth hour of incubation of a Fowl's 
egg a semilunar fold of the blastoderm appears in front of the 
future anterior extremity of the embryo (fig. 33), Thia fold, which 
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is a reduplicature of the somatopleur, is the anterior fold of the 
amnion. Somewhat later a second fold makes its appearance 
behind the posterior extremity of the embryo ; this unites with the 
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BnterioT fold tliroagh tlie production of lateral folds, and tht 
embryo lies in a shallow depression bounded by tlie amniotic fold 
The folds now increase in size (fig. 72, a, d, b), and soon uniu in 
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the median line above the embryo ; their walls coalesce, and finallj 
break down at the points of apposition, so that the enclosed canty 
becomes continuous (figs. 72, c, E, and 79. 2, 3, 4). 
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The closure of the amniotic orifice by the fusion of the folds 
takea place from before backwards, till, at the commencement ol 
the third day, a small opening is left over the tail, which then 
closes over. 

The inner membrane of the amnion (amnion proper) thus forms 
, complete sac round the embryo (figs. 70-83), and the en- 
closed space is the cavity of the amnion containing the liquor 
amnii. The outer amniotic membrane (false amnion or serous 
membrane) lies immediately below the vitelline membrane. 

The space between the true and the false amnion, as will be 
clearly seen on reference to figs. 70-79, is merely an extension 
of the body-cavity or ccelom (pleuro -peritoneal cavity). It is 
everywhere bounded externally by the somatopleur, and inter- 
nally by the splanchnopleur, which invests the yolk (fig. 72, B 




and kJ, The body-cavity is thug gradually extending below the 
yolk-sac at F (fig, 72), the two sides have met, and have quite 
coalesced in G. 

Allantois. — During the formation of the folds of the amnion a 
8.1c projects from the splanchnopleur of the hind-gut into the 
body-cavity. This is the allantois; it is lined internally with 
liyjioblast (figs. 72-75). The allantois grows rapidly, extending 
ail round the embryo in tlie space enclosed by the false amnion. 

The further history of the allantois in Birds has recently been 
carefully studied by DuvaL He finds that the outer membrane 
of the allantois fuses with the serous membrane, or, as it is prefer- 
able to call it, the subzoiial membrane. (Tiie compound tissue 
thus formed consists of an outer epiblastic epithelium, a middle 
layer produced by the fusion of the mesoblnst of the subzonal 
membrane (somatic mesoblasl) with that of the allantois ffplaiich- 
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ilic mesoblast), and an inner epitlielium, the hypoplastic lining oil 
the ailantoia, fig. 74, b). 

Instead of temainiug, as it were, within the confines of the 
body-cavity of the embryo, tlie allantois protrudes beyond the in- 
ferior margin of the yolk-sac, of course carrying the subzonal 
membrane with it (fig. 75, A, b). 

The inferior folds of the allantois enclose the albumen and'] 
meet one another below the embryo (fig. 75, c). They next coa- j 
siderably overlap each other, and eventually fuse together (fig. 75, d). ] 
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The remaining albumen of the egg is thus enclosed in a space 
bounded above by the ventral wall of the yolk-sac, and below by 
the folds of the allantois. This space is termed by Duval the 
placental sac. Simple villi grow out from the epiblast lining the 
placental sac to absorb the contained albumen, the nutriment 
being conveyed to the embryo by the blood-vessels of botli the 
yolk-sac and the allantois. 

It is interesting to note that at first villi arise from the epiblait I 
of the inferior pole of the yolk-sac (fig. 75, a, d). Later they an I 
developed from that portion of the non-embryonic epiblast wbioll 1 
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is lined by tlie allantoia ; in other words, from a true cborion (se* 
p. 90). 

The cavity of the amnion gradually extends all round the eni- 




biyo, but for some time leaves a narrow pedicel Burrounding the 
stalks of the yolk-sac and allantois (fig. 72, G, the latter is omitted 
in this fig., and figs. 79, 5 ; 83). This pedicel is known in Mai 
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as the umbilical cord. In Birds it ruptures just before hatduDg 
after tlie withdrawal of the yolk-sac into the body-cavity of the 
embryo. In Mammals it is only severed after birth. 

Total HuQbrue* of B«ptllM.— Our knaivledge ot the fceUl membrMM of Ktf 
tilen In Btill very iinperfMt 

The unnioQ Gnt nppeart » k hood cuveriog that knteriot potUoD ol tbe anlirjii 
which very early linka into the yolk uc. The Ulterior fold of the amnion ooultfa of 
both epiblast and xnnatic mewblatt, and it fr^adiuillj extend* backwardlj in ocajnno- 
tion with Inturnl fold* which arise along the sidei of the tiEiint plata, Tlie poaterior 
luld of the amnion done not appear to be pnwent. 

The allantoii probably reaemble* that of Bird*. 

Haaoke ha* shown that in the Liurd TrachydowDriii wper the Fgf--ih*ll ia aliMBt 
BKoept tor a amall diso-Hhuped radinient which lies between the jmlk-aao Mid tbe 
utenu ; thui the embryo ia readily uen through the thin iraJIa of the ntoraa and Iha 
tnuuparent embryonic mcmbranea. This Lizard ii viviparooa, and tbe vaicaUrmU 
of the yotk>aaa is only separated from the apecial capillary network of tbe ntariBa 
Tesaela, which in concerned in the nalrition oF the embryo, by tbe pomna and frikbla 
rudiment of the egg-sb"!!. 

Festal Membranes of Haiimials.~The early stages in the de- 
velopment of the embryo in Mammals closely resemble those of 
Birds ; but there are a few important differences in the nature of 
the fcetal membranes. The difierences are mainly due in Mam- 
mals higher than the Monotremes to the absence of an egg-shell 
with its membranes, and of the albumen and yolk. The ovum is 
merely protected by the zona radiata (zona pellucida), wiihiu 
which R delicate membrane has been observed (fig. 5). 

The hollow yolk-sac or blastodermic vesicle grows rapidly ; 
being distended by a contained fluid, the zona becomes very thin 
and early disappears. As has previously been mentioned (p. 45), 
the germinal area alone of the oosperm possesses the three geniiiiul 
layers ; the remaining portion of the upper half of the oosperm is 
lined with epiblast and primitive hypoblast, whereas the lower half 
of the blastodermic vesicle is composed solely of epiblast (fig. 42). 

Simple non-vascular villi, which serve to attach the embryo to 
the walls of the uterus, usually project from tlie epiblast of the 
blastodermic vesicle (subzonal membrane). In the Babbit they 
only occur on that area of tbe epiblast uuder which the mesoblast 
will not extend (figs. 77, 78), with the exception of a horse-shoe 
shaped patch which early makes its appearance in the region of 
the future placenta, and with which it shortly becomes identified 
(fig. 76. ;>0- 

The following account of the development of the amnion i« 
taken from Van Beueden and Julin's recent researches on the 
development of the Rabbit. 
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PrtMBUOB.— Tbe iiiMilTiH (i^ ;^ «^ ec 
distance fnmi the ambtjo m niaj bccSida, ov 
aroniul the bead ; bat Oe tv« fiiAs tt mmMast vUdk boBMl 
this ennrj^Datioo gndasDy cztead naad mn '**"»»"*^ im bask 
of tbe bead a>d eTcntnlij wKte (fg. ;6>. Tbai ft bb»m aboai 
that there is a Beady eirnlar ana in faaat al tba bead in lAkb 
the blastoderm oomisU o( fpibhwt aad hjfflblit o^. 

This area early nabs into tbe csvi^ of Ibe Uutodenus Tesido^ 
and tbe anterior extremity of tbe ambtjn pnjeeEs into tbis deproa* i 
sioo, which Tan Benedeo and Jalin tczm dis fno-aauotoa (Ggt. J 
76-78, pjtm). 

Anwiimi — Very sli^tly later tbe tne amnkD is derdoped, | 
bnt oaly over the pcetecioT eod of tbe eratHyo (fi^ 76. 77). It I 
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rapidly grows forwards until it comes in contact witli tlie raised 
aaterior rim or fold of the pro-amnion, with which it fuses. The 
cavity of the amnion coalesces with the space (extra-embryonic 
pleuro-peritoneal cavity) resulting from the splitting of the meso- 
blast, which now extends in front of the embryo and the pro- 
amnion. 

In process of time the pro-amnion gradually atrophies, and the 
true amnion correspondingly advances forwards. 



It u now ^ncnllj adiiiilted that the amnion wi 
bfjo Ulikuig into tliB yolk-sao by ita own weigbt. 
bj the romutioD round it of what ia Tirtuilly a wi 
dcTalopment of the amnion bcfaro the embryo in i 
weiglit. 

Tbo pro-amniou probably origiDHtod Tram a siinil 
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[tmterioT) etiil t,( ths embryo, wlisa tbe blnatoderm at thitt re^on wu still dipl»- 
blutic (tiTO-lityer«d), The pro-amniDn is, in fact, nn eiuiggention of the hekd-fold. 




_i Ehbrvo 

<4 Julia.} 

„ ^ _--^ reughnabryooraleTendiyB^ 

•l. alliinUiU ; an, Hnnlon ; ii,m. uiteriar medlui pUte of nmHUut, (onued 
bjr tha JunctldD of tbs mnterlor horn* of the usi op*™ ; "I''- »f™ plsccntsU* : 

partloD or tbg bodf-anity ; ni, splbluat ; t^. hypablut ; m. umijlt meKblut ; 
D.o. orlBSB of (iDiilon; pi, pTuenla : pro.o. provDDluD; i.(. ^bus tnTDloilU ; 
n. aplblutla tIUI ot blutodermlc tsiIcIs, 

Tan B«iinileii and Jnlin affirm that it not only occurs in Rodents, but also in B«U ' 
anil the Dog, and that it probably ezista for a short period in the Fowl and in Lizards, 




It woald nppear, therefore, that the pro-amnion is a structure whii:h is ■ 
greater or lest extent to the Sanropdda uid MammalU. 
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The anterior fold of the true aniDion is certainly absent in the 
Babbit, and this may prove to be the case for Mammals generally, 
now attention has been drawn to the question. At all events, the 
posterior fold of the amnion is always well developed. 

By this time the partially vascular yolk-sac has gradually 
diminished in size; and the vascular allantois is greatly increasing 
in size and importance, and is functionally replacing the yolk-sac 

Allantoia. — The Mammalian allantcis has a similar origin to 
that in Birds (figs. 77, 79), It extends to a greater or less extent 
between the amnion and the serous membrane or subzonal 
membrane. 

The outer membrane of the highly vascular allantois fuses, as 
in Birds, with the subzonal membrane, the villi of which become 
vascular and usually grow more complex. The compound mem- 
brane thus formed is known as the chorion. That portion ot the 
chorion which enters into immediate connection with the uterus of 
the mother constitutes the fteial portion of the placenta. 

As will be shown later (p. 259), the proximal portion of the stalk 
(urachus) of the allantois persists ns the urinary bladder, and it is 
generally admitted that the urinary bladder (urocyst) of Amphibia 
ia a homologous organ with that of the Amniota. It is thus a 
fair assumption to make that the allantois is merely the precociously 
developed urinary bladder. 

In the lower Vertebrates the egg is nanally laid in water, and the larva ia, ai & rule, 
earl; hatched, reapiratioQ beiog effected by gilla situated on the gill-archea. 

In Aljtea and NDtodDlphia ovipara and loine other Aniira, larj^ external gilla are 
dBTBloped while the embryo ia still within the egg-covering, their (unction apparently 
bein)( Co giro incrvased facility for reepiratiun to tbe unhatched yuung. A limitar 
condition alio occun in aome Elumobrwich*. 

Certain Anura, however, have auch an abbreviated larval existence that the young 
are hatched aa amali Froga, and Id eome of theae tbe external gills atrophy early 
(Pipa americaoa), or are aaid to be entirely absent (Rhinoderma darivinii, Nototrama 
manapiatum). In Pipa the long tail of tbe tadpole functtona as a respiratory argan 
[Peten], and tbe same holds good for Hylodea. Boulenger Gnda that tbe abdomen 
of the just-hatched Rana oputhodon is provided with a lateral seriea of aymuietrical 
futdi, which probably have a reapiratory fanction. 

Tbe above faota tend to ahow that sonie Frogs are loiing their ancestral Inrvnl 
breathing organs, and are utilising other organs for respiratory purposes ; and it is 
very significant that thia occutb amnngat those Froga which do not deposit their eggs 
In water. It is then not difficult to imagine that aomo primitive Amphibian which 
had acquired an increase of food-yolk (as a few recent Aniira have done) would find 
in the urinary bladder an organ which could be presaod into the service of aerial 
respintion. 

U we may aasume that some such Amphibian was the ancestor of the Aoiniota. we 
have a g1d« to the significance of the total abaenoe of even rudimentary gill-filamenta 
on the gUl anhei of even the youngest embryos ot the less specialised Auniota in 
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the auppflaition that ths Ioih of larval gills waa a pre-amniolfl character. This wa« 
rendered possible before the lunj:^ vera fanctional in ontologj by the acqaiaitioo uf 
an accessory respiratory organ ; in this case it was the thin-walled vaacular arinary 
bUdtlcr. The adoption o( this organ for respiratory purpOMS ransea it to grow 
enoruausl? \a size, and at the same time to appear eaflier. Hence the gnat 
developmeDt it now attains. 

It has just been shown that in BinJs the epiblast which ander* 
lies the yolk-sac is produced into villi (fig. 75, b, v), which absorb 
the nutritive aljjunien before the allantoic villi are developed. 
The same also occurs in the lower Mammalia. 

In the Virginian Opossum (Didelphys), according to Osborn, 
when the allantois is still very small, tlie yolk-sac is provided 
with simple vascular villi (fig. 80, v), which, in addition to serving 
to attach the embryo to the uterine wall, are undoubtedly nutritive 
in function. ' In these Mammalia there is no albumen to feed 




uiooblut) 1* lodlcatEl b; ths bUcIc ling. 



upon, hut better nutriment can be directly obtained hy osmoaia 
from the mother. 

Caldwell has shown that in the Native Bear (Fbascolarctos 
cinereua) (fig. 81) the inferior non- vascular moiety of the yolk-sac 
is, even up to a comparatively late period, suiTounded only hy 
hypoblast and the non-embryonic epiblast (subzonal membrane). 
The cells of the latter send out pseudopodia (fig, 81, amh), which 
6t in between the cells of the uterine epithelium. Although the 
atlantois is larger than in the precediug form, and comes into 
contact with the subzonal membrane, no villi are formed by it ; 
in other words, in the Marsupials the true chorion, if present, ia 
rudimentary, and, so far as is known, never develops villi. The 
previous researches of Owen point to the same conclnsion. 

From the nature of the case, no adhesion occurs between the 
embiyo and the parent in the Prototheria, any more than in 
Sauropsida. In the Metatheria a very alight connection does 
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occur, but in tliia union the anbzonal membrane surroanding the 
yolk-sac alone takes part. As the latter was the sole nutritive 
organ of the embryos of the earlier Mammals, it would probably i 
but slowly part with this function, 

Eyder has suggested that the dBgeneracy of the yolk in the Mammaliiin ooapemi 
may be duo to the development of the so-called atorine milk from the uterins 
glands, and it subsequently completely diBflppearad in Donaoqnence of the perfectly 
parasitic conneclion temporarily subsisting between the mother and the embryo. (Tbs 
latter supposition was first put forward by Balfour.) At tbia stags of eTolatioo the 
allnDtois was rcEpiratory, as it practically is in the Sauropsida, tloQotremea, and 
Marsupials, and the yollc-sac was becoming Isaa nutritive in function. 

As the allantois is used in Birds to absorb the albumen, so i 
the higher Mammals (Eutheria) ic develops villi where it is fused I 
with the subzonal membrane, and forms the chorion. 
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The term chorion is now limited to those areas of the subzonal j 
membrane to which the yolk-sac or the allantois are attached. J 
Balfour distinguished the former of these as the false and the 
latter as the true chorion. In the Eabbit (fig. 82) the false chorion 
is very large, and the true (or placental) chorion relatively small ; 
but in most Mammals the true chorion has a much greater ex* 
tension. 

It is possibly owing to the large size of the yolk-sac that the ' 
allantois forms such a small chorion in the Kabbit There is a r 
markably close resemblance between the general disposition and 
structure of the fcetal membranes in the Rabbit (figs. 78, 82) and 
some Marsupials (figs. 80, 81). In both, the epiblast (subzoniU 
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membrane) of the yolk-sac (blastodermic vesicle) gives rise to non- 
vascular villi only in the region where the mesoblast has not 
extended. The allaiitoia also unites with the subzonal membrane 
above the embryo to a small extent ; but in the Rabbit vascular 
villi are developed at this spot, which thus form a true placenta. 

The epiblast of the blastodermic vesicle appears to give rise to 
villi in other Mammals, but more precise information is required 
on this point. 

The nature and position of the villi of the chorion vary con- 
siderably. The villi fit into depressions of crypts of the uterine 
wall, the conjoint structure being known as the placenta. 

The placenta of the Rodentia, Insectivora, and Chiroptera is 
usually dorsally situated and discoidal, as in the Babbit, and is 
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co-extensive with the area of contact between the allantois and the 
Bubzonal membrane. In these forms the yolk-sac is ia contact 
with the larger portion of the subzonal membrane. 

In Edentata the placenta may be discoidal (Loricata), or dome* 
shaped (Pilosa), or zonary (Tubulidentata), that is, occupying a 
broad band round the chorion, leaving the ends free from villi, or 
diffuse (Squamata). 

In the Dog the large vascular yolk-sac does not fuse with the 
subzonal membrane. The allantois first grows out on the dorsal 
side of the embryo, where, coalescing with the subzonal membrane, 
it forms an at first discoidal placenta. The villi soon extend, so 
as to form a zonary placenta. The zonary placenta is found in 
the Camivora, Uyrax, and Elephas. 
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The extension of the placenta over the whole of the chorion 
results in what is termed a diEfused placenta ; thia is characteristic 
of the Perissodactyla, the Saiua, the TraguUna, the Tylopoda, tho 
Sirenia, the Cetacea, the Lerauroidea. 

The collection of the villi into groups constitutes what is known 
as a cotyledonary placenta. This variety is confined to the Pecora. 
In the Giraffe, the placenta is partly diffused and partly cotyle- 
donary, WelJon finds that in the Four-homed Antelope {Tetra- 
ceros) the whole surface of the chorion ia thrown into vascular 
ridges, exactly as in the Pig, and the cotyledons are very few in 
number (twenty to thirty), other Antelopes having sixty or more. 
The Bovidte possess a large number of cotyledons, while the 
Cervidffi have only a very few. In Mosclius, however, the placenta 
is finely folded, cotyledons being absent. 

In the Anthropoidea, the villi are at first diffuse, but ultimately 
they are restricted to the ventral surface, forming a secondary 
discoidal placenta (metadiscoiilal). 

The simplest kind of placenta is one in which the papilla-like 
villi of the chorion fit into corresponding depressions in the uterus. 
The villi are ranged in irregular ridges in the Pig. In such forma 
the chorion can be withdrawn at birth from the placenta; ia other- 
words, the placenta is non-deciduate. 

The following animals have a non-deciduate placenta : — Artio- 
dactyla, Perissodactyla, Sirenia, Cetacea, Lemuroidea, and soma 
Edentata (Sc[uamata). But in some of these the villi are more or 
less branched and complicated ; and in many of the Pecora thia 
interlocking is so close that the parts of the epithelium of tha 
maternal cotyledons may be carried away at birth. 

In ail the other Eutheria the foetal villi are so intimately con- 
nected with the uterine wall, that at birth a greater or less portion 
is brought away with the allantoia (after-bitth). This form of 
placenta is known as the deciduate. 

The uterus merely develops short tubular crypts to surround 
the fcetal villi in the case of those Mammals with a simple aon- 
deciduate placenta. But in those with a deciduate placenta the 
wall of the uterua undergoes varied structural modifications, which 
reach their extreme form in the Anthropoidea, where the fcetal 
villi are immersed in large uterine blood-sinuses. 

Very shortly after the human ovum has entered the uterus, the 
walla of the latter grow round and incapsulate it (fig. 83). Tbs 
reflected portion of the uterus is called the decidua reflexa. That 
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portion of the wall to which the embryo is attached is known as 
the decidua serotiiia, the decidua vera being the remaining sur- 
face of the uterus, All these structures are cast off in the act of 
birth. 

The decidua reflexa is more or less developed in a few other 
Mammals, t.g.. Seals, and some lusectivora. 

IhtstiIdii of Qenmnal lAffn in BodenU.— A peculiar inTerBion uf the germinal 
lnjren iu the blastoderm of the Guinea-pig wu fint detcribed bj Biaahoff, and later 
coafinned by Henien and SchaSer. Four pipen were simultaneoual; publiahed at 
the end of the year tSS2, in each of wbioh there woa procticiill^' an identical aotutiun 
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of tbii difficalt probleni. Tfao (oriuo -tiiilied were the Field-vole (Arvicola urvalii) 
b; Kupffer, the Houae-uiouae (Mua idubcuIui) by Selenka, the Guinea-pig (Cavia 
CDbs^r*) by Henten, and the HuuK-moute, the Rot (Mua dccumanQt), and the Guinea- 
pig by Fnser. Slightly later, freah light wa* thrown dd the lubjeot by Spee, and 
lattty Bmpe'a reaeaicbca on the Mole (Talpa eunipea] have supplied additional 
InfonnktioD. 

Tke explaDbtion nf the phrtiomennn in briefly an fullaw«. As Ilia alreuly betn 
ijeacribed, the aulld nuua of InnerUayur oelli, attached to one pole of the blattodemiio 
(ciicla in the Rabbit (fig. 39, A, c), flattens out to fonn the germinal din (fig. 39, if). 

Id the Mole the primitive iavenion of the bUatoderm ia retained alightly lun^r, 
Um embryonio epiblait forming a cup-like deprettion at one pole of the blMtodeimic 
r*«cle ; the aecondary cavity thu* formed bving filled with looae celta of cpibtaitic 
origin. The whole ii roofed over by a layur i>f covering celli, vrbloh ii Quntinuona 
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Ii the outer mil of the blutodermio vesicle (compue fig. 45. »). LUer, ii 
HtiTOTB the blutoderm beoumei datCemd out, nad development procoed* 1 
u iD the TUbbit. 

In the Field-vole the ovum (orniB n normiJ blutadermio vesicle, with » blaita 
eoDsigtiD(( of epibliLit and primitive hypoblast (Sg. 41). The layer of covering 
which overlin the embryonic epiblast is tbe seat of an early and rapid proliba 
(flg, S3*, a), tbuB forming a man of celli which pushes the blBstodem faafa 
(fig. S3*, b]. The embryo is developed from the centre of the germinal area, tb* 
of the amnloD arising between the embryo and the covering cells (fig. S3*, o). 
In the House-mouse and Rat the btasCoderm is pushed for a considerable 
within the blastodermic vesicle by the proliferating epiblast (Gg. Sj*, B). Subaoii 
n elongated cavity appears witliin the latter, extending along the whole leOf 
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tbe previously eolid plug of epiblast cells. This cavity clearly corrtaponcU to tb* 
MHow ilmpl* eup-lilce invagination of the blastodetm of the Mole and Field-vole, 
na prmlnal diae oocupitw the bottom of the depreuion, and Uie imbijo devakpi 
on tits upper fiirfaoe of the secondary cavity (lig. S3*, a, emb) ; thna, la bocrow an 
illurtratinn, at a certain stage (fig. S3*, c, r) the embryo liean tbe aaOM rsltrinn I* 
the seoondary cavity that the embryo Fowl does to the cavity of the amaHia at ■■ 
•nrly stage in the formation of the amniotic folds (fig. 71. a, B). Wbrtbar It b 
rectified (Talpa) or not (Arvicola, Mus), tbe body ol the embryo always Ilea oufphs- 
logicalty ontside tba blaatodermie vesicle. 

The primitive elongated secondary cavity of the Hooaa. moose and Rataooa fawnoM* 
constricted Into two vesicle*, one of which occupies the Inndu* of tha iDValntiaew wMl* 
the other lies in its stalk (fig. S3*, r. 0). Tlie former haa been namad bj FnMr lb* 
neur- amniotic cavity, as it is from the walls of this vesicle alone that tha •mbqni (• 
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Cormed. This vesicle ii merely tba isolated extrcmitjr of the primitive Becondnrj 
c*>itj ; its null is composetl of on ioner layer of epibtoat and an uuter layer of 
primitive hypoblast, and the dorsal surface of the embryo conEeqiiently projects into 
iM central cavity. In other words, it is the cavity of the amnioii of more normal 
embiyoc (fig. 79, 3-5, aft). 

The aecond vesicle encloses what Froser terms the false amnion cavity. The 
Fpiblaatio epithelium lining it ia the €iact equivalent of the false amniun or serous 
membrane of other Amniotea. 

During further development these two vesicles become separated by a considerable 
■pace from one another. The mesoblast, which has by this time made its appearance 
in the embryonic area, extends into this "interamniotic apace," and the allantois also 
penetrata intu it u an, at first, solid bud of cells |Bg. S3*, H, all). The ioteramniotlo 
■paon into which the mesoblast and allantois immigrate is simply the extra «mbryoiuo 
bodj-t»vity (pleuro-peritoneal cavity) of other forms [figs. 72, 77, 78, ea). 

The last term of the seriea is found in the Guinea-pig, in which Kodeat the neur- 
omniotic cavity, with its embryonic area, appears to be precociously separated from 
the upper pole of the blostodermio vesicle, so as to form a veeiole at the opposite pole. 
The aeur-amaiotio vesicle is thus a hollow ball composed of two layers of cells, the 
outer layer being the primitive hypoblast and the inner layer the epiblaat There is 
■ thick ingrowth or plug (" Triigcc ") of epiblast cells at the upper pole, oa in the 
Honie-Diousc (fig. S3', i>). 

Smnmary of Evolutioii of Foetal Membranes. — Food-yolk is 
stored up in the primitive hypoblast of most Vertebrates, some- 
times to an enormous extent. In the latter case the embryo is, as 
it were, pinched off from the large yolk-sac. 

During its development the embryo digests and absorbs the 
yolk by means of the surrounding hypoblast and the vascular 
splanchnopleur. In the case oE a few Elasmobranchs the vas- 
cular yolk also obtains nutriment directly from the blood-vessels 
of the enlarged oviduct (uterus) of the mother, prominences from 
the yolk-sac fitting into depressions of the oviduct. In the Teleost 
Anableps the vascular yolk-sac is provided with villi, which 
absorb nutriment from the fluid secreted by the walls of the 
dilated ovarian chamber, vithin which the embryos are developed 
[Wyman]. 

T. 3. Parker Gads in Mnitelus antarcticn* that the pregnant ovidoeC was subdivided 
into five to eight oompartmento, each containing one embryo. The wall of each com- 
paitiocDt can be resolved into two layers : on outer highly vascular membrane 
(pacado-chorion), derived from the oviduct ; and on Inner cuticuUr non-vasculat 
laysr, tMMted by the format. As the enclosed cavity is tense with a fiuid giving the 
reootiont of the amniotic fluid, as generally understood, be proposes to call the lattor 
■nembnne the psemlamnion. 

Ia Birds, simple villi develop from the yolk-sac for tlie purpose 
of alitorbiDg Uie albumen. 

When the ancestors of the Metatheria (Didelphia) and Eutheria 
(Monodelphia) were ceasing to deposit their egga, and were retain- 
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ing the by-lhis-time shell-less ova within the oviduct, the o^ 
were placed in a most favourable condition (or obtain] 
mental nutriment The vascular yolk-sac would readily become ' 
slightly attached to the wall of the oviduct, as in some Elasnio- 
branchs and Lizards (Trachydosaurus and Cyclodus [Haacke]). 

The nutriment (blood of the oviduct or uterus, and probably 
the secretion of the uterine glands) thus at the disposal of the 
ovum was more easily assimilated than the yolk ; and it is not 
surprising that the yolk-sac gradually lost its yolk, and that the 
embryo became entirely dependent upon the maternal blood- 
vejsels. The 3-olkle8S yolk-sac of Mammals is known as the 
blastodermic vesicle. 

The blastodermic vesicle was primitively the only meana < 
connection between the embryo and the parent, as it still is in t 
Metatlieria, and at first is in the embryos of the Eutheria. 

By this time the allautois, from being an almost purely respira^ I 
tory organ, became attached to the serous or subzonal membrane M 
and assumed a nutritive function. In Birds (and probablyin Rep-1 
tiles), the allantoic villi also absorb the albumen which lies withia I 
the egg-shell. In the Eutheria, the egg-shell being absent, tli« 
villi enter into direct union with the uterine wall. As the allautois 
became more closely attached to the uterus, it gradually usurped 
the functions of the yolk-sac, and eventually entirely superseded 



The allantoic villi are collectively termed the placenta, j 
distinct lines of specialisation in the disposition of the villi and ' 
structure of the placenta can be traced in the Eutheria, the 
main object to be gained being the increase in the facility for 
transfusion between the maternal and fcetal fluids. The result a | 
that in the higher forma the villi become more complex, and io. 
stead of being readily withdrawn from the uterine crypts at birtlfl 
they fuse with the uterine wall, and thus form a deciduate, i 
opposed to a non-deciduate placenta. 

The complex fcetal membranes of the higher Eutheria i 
evidently the result of the gradual differentiation of pre-existiDg' 
structures. 

Amnion of Insects. — The Insects are characterised by possess- 
ing an embryonic protective membrane, which is termed the 
amnion. It consists of a reduplicature of the epiblast, which ex- 
tends over the ventral (neural) aspect of the body and encloses all 
the appendages. 



i and ^M 

, the 
Y for 
lit is ^_ 

diiH^H 



GENERAL FORMATION OF THE BODY, ETC. 97 

The two amniotic folds unite and fuse in the median ventral 
line below the developing embryo, and the two membranes thus 
formed separate and constitute a double covering for the embryo, 
as in the case of the Amniota. 

In the Insects, the two folds of the amnion are purely epiblastic 
in origin, but they may , qonveniently receive the same relative 
names as those of the Amniota, the outer one being called the 
serous membrane, and the membrane next to the embryo is termed 
the amnion proper. 

If they have not previously disappeared, the amniotic mem- 
branes are either absorbed or cast off at hatching. 
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As the epiblast constitutes tlte external skin of the embryo, it 
naturally has a protective functioa; and it gives tise in the adult 
to the epidermis, together wicb those portions of the organs of active 
or passive defence which arise from the epidermis. It further 
gives origin to numerous glands, and also to the nervous system 
and to the sensory portion of the sense-organs. The functions of 
this layer may be summed up as protective, secretory, respiratory, 
and sensory. 

ProtectiTe Structures— Invertebratea, — When the outer skin 
(epidermis) of an animal consists of a single layer of cells, it ia 
usually protected by a more or less continuous and Btructurelesa 
membrane or cuticle. 

The cuticle may become cornified, as in most compound 
Hydrozoa and some Polyzoa; or calcified, as in the Hydro- 
corallinre and other Polyzoa; or chitinised, as in the majority of 
Arthropoda. In most Crustacea the cuticle is both calcified and 
chitinised. Such an indurated cuticle (exoskeleton) may be pro- 
duced into spines and other weapons of attack or defence. 

The horny axial skeleton (cffinenohyma) of the Antipathids 
(and possibly of the Gorgoniidas) has been shown by Von Koch to 
be the secretion of an invagioated ectodermal epithelium, tt has 
been recently stated by Klaatsch that in some Hydrozoa (Clytia) 
the perisarc is produced by the outer layer of the ectoderm itself 
becoming chitinised. According to Von Koch and Fowler, the 
hard parts of the Hexacoralla are also probably secreted by the 
ectoderm. The cells which secrete the spicules of Alcyonaria are 
also of epiblastic origin. 

lu many cases the outer layer (ectosarc) of the protoplasm of 
the epibtast cells gives rise to one or numerous delicate contractile 
protoplasmic hair-hke processes (flagella or ciliaj, which penetrate 
the cuticle, when present, and have a lashing movement. Tliey 
serve for the progression of the embryo or adult, or to set up a 
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cuirent in the surrounding medium for tJie procuring ot food, 
aeration of the tissues, discharge of waste matter, and other 
purposes. 

The epiblast cells (usually termed ectoderm) may in the Ccelen- 
terata develop within themselves, by a modification of iLeir own 
protoplasm, sacs containing a long coiled thread, — ihe thread -cells 
or nematocysts, — which can be suddenly projected and forin 
powerful stinging organs. In the Turbellarian worms analogous 
short rods often occur 

The shells of Brachiopods are secreted by the outer surface of 
the delicate pallial membrane, and therefore may be regarded as a 
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special form oE cuticle. The shells of adult MoUusca are composed 
of three layers, of which the cuticle or epiostracum (" epidermis ") 
and the prismatic layer are secreted by the thickened edge of the 
mantle, while the general upper surface of the mantle secretes the 
nacreous layer. 

In all Molluscan embryos an invagination of columnar epiblast 
(figs. 84 and 18) takes place on the dorsal side behind the velum. 
This is known as the shell-glnnd, and is of invariable occurrence : 
later it flattens out; the surface thus formed, the mantle, secretes 
the larval shell In the Lamellibranchs the axial line of the 
shell-area remains uncalciEed, and persists as the ligament and 
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liinge-line of the adult. The primitive shell of Mollusca at first 
forms the apex of the permanent one, but it usually disappears 
in time. 

A. pit-like depreBsion of Iha mantle ocean In alt embryo Cepiialopoda, vdtcli ouj 
bo termed tbe ahell-iiac. Thii toaa atrophies in Octopna, while that oE the Squid 
and CuttleReb secretoa the "pen" and " cuttle- bune " respectively. Tbe abell-uo u 
often regarded M the equivalent of the ihell-gland of other Mollusca, but Lanciater 
Ills ehowu (hat it cannot havu the simple eigfnifieance ivbich it ippeare to pwaeii : 
tlie student is referred to hii paper for a atatementof the at^meut. The coneluiiDD 
arrived at is, in brief, that the shell-sac of embryo Ccpholopoda is not only equivalent 
t<> the Bhell-glaad of other Mullur^ca, but in addition corresponds vrith ao upgravth 
(if mantle-fnIdH over the original eiteraal ahell, much <□ the same manner as the shell 
uf Aplasia ia concealed. 

In all cases the sheila of the Mollusca are entirely epiblastic 
in origin, and are consequently, morphologically speaking, alwaj'a 
externa], or exosKeletal, structures 




A, Seclinn of epldei 
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Ohordata. — lu the majority of Chordata embryos the epiblast 
consists at first of a single layer (figs. 23, 26, 29-32, 43) ; but in 
the Anura (figs. 24 and 62) two layers are preseut. Of tliese two 
layers, the lower alone is the active layer, and from it are developed 
the glandular and nervous structures. In the Urodela the primi- 
tively single layer (figs. 58, 59) early becomes double, the lower 
one of which behaving as in the Auura. 

The epidermis of Amphioxns permanently remains as a single 
layer. 

In all other embryo Vertebrates, the epiblast, from being sini-le, 
becomes double layered, owing to the primitive epiblast giving rise 
to a layer of flattened epithelial cells, the epitrichial layer (fig. 85)- 
This may be regarded as the primitive horny or protective layer of 
the epidermis. The lower layer is the mucous or Malpighiaii 
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H^ . '-'^a. In these latter there are pareachymatoQa C«1U rery 
">- liar to an early stage in the development of the bocD-cells. 
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mis, bat the three layers already referrsd to, the mueona epittieliam, the transitional 
cella (= mucous lajer), atid thu IiorDy layer, an alone of morphological iiuportauce. 

Nails, claws, hoofs, homy beaks, the horny sheaths of the homs 
of the BovidK, ave merely local condeDSationa of the homy layer 
of the epidermis, while hairs are similar liuear extensions. 

A hair commences as a minute solid ingrowth of the columnar 
laj'er of the epidermis into the derma (fig. 86). A small bulb, the 
liair papilla, containing nutritive capillaries, grows up from below 
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into the hair follicle. The outer cells of this papilla elongate, I 
come cornified, and thus form a hair, which booq forces its way t 
the exterior through the (ollicle, 

Doim-featheni arias from large papilln, which costain a contral vaaciilar n 
blaitic pnlp ; aa the papillie grow is length, th«'y tend to sink below tlie aurfBce, 
more eapecially at the poaterior aida, thus produciiiR the backward alant of most 
feathers ; the dapreaaions ars known aa feather-folliclea. Two thinkeniogs of the 
epidennie appear on the upper snrfsce of the papilla and encroaob on the pulp, start- 
ing bom the top, and atowly extending downward! (Gg. Sy, a, i). Whilst these fiiat 
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two birbi are growiog, the epitricljial lijer becomoB more compact and the trnnel- 
tMOfl mIU horny, tliua rormiog > protective csaa for the inciplont feaiher. As tha 
papilla grows, more barb folds appear (Gg. 87, B, S). The barbs sro fonned by the 
mils at the angle of the thickeniDga, as seen in section, whiU the cells od the sides 
arraiige themselres in columns (hg. S7, c, U), which bend slightly towards the tip of 
the papilla, and ultimately form tlie barbulos. The nalU of the celU 0! the barbs 
and barbules finally become conrerted into a hied of bom, and the protoplasinia 
conteots dry np, 

The contour feathem of adult Birds are developed upon the same plan as the 
doTD- feathers, by a renewed growth of the primitive papilla. Tno primary batb- 
foldi appear as before, and are very shortly followed by nuaierous others. The two 
primaries unite to form the two halves of the shaft, and are joined later by those on 
the sides. At the uda of the papilla, opposite to that where the shaft is formed, ii 
* (light iuTersion of the mucous epithelium ; it is here that the separation wiU 
occur which results in the two vanee of the feather. Aa the barbs are set at aa angla 
of about forty-fire degrcea, the portiona farthest from the shaft in a transverse sec- 
tion are sections of the tips of lower barbs. In feathers with a hollow shaft, the two 
aides bend io and enclose a column of the pulp (fig- S7, d), which subsequently 
dries up ; in solid shafted feathers the sides are simply llnttoned together. When 
the feather is matured, the covering falls off and the pulp withers away, and the 
barbs separate into the two vanes. Thus it comes about that the upper surface of 
the shaft and barbs of a feather (together with the whole of the barbules) is formed 
from horn cells or modified transitional cells, whersss the lower Bnrface is composed 
of degnded mucous epithelium. The qnill is produced by a cornificatioa of the 
walls of the lower portiou of the papilla, 

Aa haira consist ot the horny liiyer of the epidentiia only, it is 
evident that they can scarcely be regarded as strictly homologous 
with feathers; the lntt€r are never found out of the group of Birds, 
and the former are equally peculiar to Mammals. 

The scutae which occur on the legs of Birds are mere folds of 
sktQ with a horny layer, a mucous epithelium, and a mesodermal 
core. They occasionally bear feathers. 

The scales of Snakes, of Chelonia (tortoise-shell), and also of 
some Lizards are purely epidermal structures ; but those of other 
Lizards (Anguis, Cyclodus, Scincus) and the scutes of Crocodiles, 
and of the Armadillos amongst Mammals, are partly derived from 
the epidermis, but chiefly from the cerium; in other words, they 
are mainly of raesoblastic origin (see p. 193). The scales of the 
Manis, like the horn of the Rhinoceros, are formed of haira aggluti- 
nated together. 

Teeth are not purely epihlastic organs, but they may be con- 
veniently dealt with here. There is little doubt that teeth were 
primitively atructurea similar to the placoid scales of Elasmobranchs 
which have been retained and emphasised in the jaws, 

A placoid scale arises as an ingrowth from the derma into the 
epidermis, the basal columnar cells of the latter are pushed up and 



104 



TUE STUDY OF EMBKYOLOGY. 



thus form a k!iid of sheath to the papilla. The basement membrfti 
which is a product of the epidermis, becomes tbitikeued and calcifi' 
aC tlie apex of the papilla, aod constitutes au enamel cap, C 
papilla becoming converted into dentine, bone, and pulp, 
point of the scale eventually forces its way to the exterior. 

In the development of a milk (deciduous) tooth a proloagatic: 
from the epidermis arises which passes into the derma (fig. 8^ 
the inferior end becomes dome-shaped, forming the " enunes 
organ " (fii,-. 89). A papilla of the derma projects into the hollo- 
of the dome, and soon becomes vascular ; the papilla produces tfac 
dentine and cement of Uie tooth, white the columnar layer of t^ 
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enamel-orgnn or germ, which overlies the papilla, is stated to 
secrete the enamel layer (fig. 90). The permanent teeth are simi< 
larly developed, but the enamel germ arises as a bud (fig. 89, 
from that of the deciduous tootb. Huxley, and after him 
Nunn, asserts that the enamel, like tbe dentine of teeth 
scales, owes its origin to odontoblasts, and is therefore mesoblastic 
and that the cuticula deutis is formed by tbe metamorphosia, either 
ia whole or in part, of the enamel cells, which have nothing wbat- 
e\'er to do directly with the formation of the enamel. However 
this may be, the large size and the invariable presence of the 
enamel organ prove that it has, or has bad, an important iuticliotL 
iu tbe production of t«eth. 
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In ElMEnobranchs mil ths teeth of each jaw Are developed from s commoi] rod at 
tisane, which IS derived from > ridge-like proliferotinn uf the meanblant into the epi- 
dennia of iti jivw. The enoinet cap af each tooth U formed in tlie same manner as 
tn the placoid icalsa. 

Scott finds that the hornf teeth of the metamorphosiog lamprey are developed 
from the deeper layer of the epiblast which rises in a rap-like manner orer a meao- 
blastia papilla : this appears to be the representatire of the enamel orgati. A sncond 
tooth U developed vertically below the first. The original papilla and enamel organ 
an functional tliroughout tlio life of the Bnitosl. 

Horny teeth and a horny sheath to the jaws occur in larral Anura. 

Epiblastic Glands. — The epidermis is the seat of origin of 
many and varied glauds. The simplest cases are where certain cells 
become enlarged and secretive, {orming unicellular glands. These 




alone occur in the Coelenterata ; in higher forms they often co- 
exist with multicellular glauds. 

Multicellular glands may be simple (figs. 18, S4) or compound 
ge.gi.C— e; gi,k,m.gl.; 141, f). The development of such a very 
implex gland as a salivary or mammary gland is as follows : — A 
aiple solid process from the epidermis sinks into the derma; 
branches sprout out from its blind end ; these acquire a central 
cavity, elongate, and greatly increase in number, until a much- 
branching tubular organ is developed. The ultimate ramifications 
in the above-mentioned glands expand into secretory pouches or 
^reoli 
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Although there is a solid ingrowth of the epidermis, it is the 
Malpighiao layer alone which forms the Secretory tissue of tlie 
gland; the central epidermal cells eventually disappear. The 
solid ingrowth of the incipient gland is clearly a secondary 
process. 

Other glands may always remain simple tubes, or at moat 
become slightly branched. 

Tlius the most complex type of gland reproduces in ifa own 
development those simpler conditions which it must Iiave passed 
through in the course of its evolution, and which are severally the 
permanent states of other glands. In the simplest glands all the 
cells are secretory, but as complication arises the stem and main 
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branches lose this function and constitute ducts to convey the fluid 
secreted by the terminal portions. 

All the glands opening on the general surface of the body are o( 
epiblasttc origin ; such are the sweat, scent, anal, poison, adhesive, 
byssus, slime, spinning and mammary glanda The salivary glands 
of Insects develop as paired invaginations from the ventral plate of 
the mouth, behind the stomodceum, and on the inner side of the 
mandibles. 

According to Slutsch, the mammar; glands derelap from k ihaltoi* deprntion, | 
tlie gUuduUr trea or areolar e]ntlieliuiii, the margin of which ia alightljr n ' 
This condition ia permanent in Monotrames (Eg. 91). In adatt Man, the glandnlar 
Br«a ia miaed to rona the nipple 1 tha aame occura in the &Iousg, bnt the gland* 
have a tingle duct The nipple of CanitvOTCs, PigH, Horaes, and eapeciall; that of 
Ruminauls, ia Tormed by the u[inarJ gron-lh of the raised margin <a anch a mi 
that the glandular area forms a pit, at the bottom of which the glands open. 
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It Msmt probable that the rounmarj glands are greatly enlarged and modifiad 
arlaraoaB glaudB, the hain to wbieh tbajr belong lianng disappeared ia coune of 
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m» (NaGgi, 86, ■ and r, Dr; 93, b, A); bnt Rein denies thia, and ttelierea that the; 
« orguu tui gtnerii. Gegentuur hai Utalj ihowD that the ao-oalled nunimBiT 
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glkndi of the MonotreoMi an phvlogenetically diitinet from thuM nf rither Mam luala. 
They coiitiat of tubular glandi, modified deriiatives ol the saduriferinu typ& 
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Tbose glaoda derived from the stomodix'um {p. no) t 
todffium are also epiblastic in origin. 

In tlio " Veliger" larval stage of marine Prosobrauch Gasteropoda 
a group o£ epiblast cells, on each side of the body behind the 
velum enlarge, become vacuolate, and constitute what are gener- 
ally regarded as provisional renal organs (fig, 84. A, p.k, C). The 
red or violet pigment spots occurring in the Veligers of Opistho- 
branchs and a few other Mulluscs may be of a similar nainre 
(fig. 84, A, p<ll). 

Ce Meuron describes the primitive renal organs of Helix as 
arising from epiblastic invaginations, and not as being mesobloslic 
in origin, as are, according to Rabl, the kidneys of the aquatic 
Pulmouata. This organ is a tube with a ciliated internal orifice as 
in other Pulmonata. Fol had previously described the provisional 
excretory organs of the terrestrial Pulraonales as a pair of non- 
ciliated epiblastic pits, with no intf-rnal orifice. The permanent 
kidney appears to be formed as an epiblastic invngiuutiou supple- 
mented by mesoblastic tissue, 

Hnscnlar EUements.— Tlie root-like prolongations of the large 
ectodernial cells of Coelenterates are contractile, and practically 
form an external muscular sheath to the body. The brothers 
Hertwig have demonstrated distinct ectodermal muscle-cells in 
the Actinire, and Hubrecht has found similar cells in the Nemertea. 

The non-striated muscle-fibres which surround some sweat glands 
are stated by Ranvier to be derived from the epidermis in Man. 

ReBpiratory Organs. — From the nature of the case, the ex- 
ternal skin of the body must always act as a respiratory surface, 
except when it is surrounded with an impervious cuticle or exo- 
skeleton ; but certain areas are usually more especially devoted to 
the interchange of those gases which constitute what is known oa 
respiration. 

InTertebratea.— TliQ external organs for aquatic respiration 
are invst\y delicate filaments or plates (branchiaj or gills), within 
wliich the blood freely circulates. 

The manner in which such organs are developed is so self- 
evident as to need no special comment. In certain cases, as, for 
example, in the gills of some Lamellibranchs (cy.. Anodonta, Dreis- 
sena). the primitively simple bent gill-filaments form the perforateil 
plate-like gills of the adult by concreaence between their twu 
limbs, and by the union of the filaments with each other. 

It may be here noted that the respiratory plumes of Serpulacew 
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nmongst the Chietopoda are supported by (probably meaoblastie) 
cartila^'iiioua bars. 

Hartog and others liave shown that anal respiration occurs in 
probably all larval Crustacea, and also in some adulta. Leaf-like 
respiratory orjjans occur in the rectum of larval Dragon-Hies. It 
^ill be shown that in the Arthropoda the rectum is derived from 
the proctodieum (see p. 1 1 1). 

Aerial respiration has supplemented branchial respiration in 
some MoUusca and Crustacea by the upper portion of the branchial 
cshamber becoming vascular and functioning aa a lung {e.g., Ampul- 
laria, Birgus). In the Pulmonale Mollusca the gills have entirely 
<3i3appeared. Lankester haa suggested the probable evolution of 
the puhnonary sacs of the aerobranchiate Arachnida (Scorpions 
and Spiders) from the lamellate gills of their Limulus-Uke ances- 
tors (Hfematobranchiata). 

The trachcEe of the tracheate Arthropoda appear to have been 
<3erived from simple diffused cutaneous glands, which have evolved 
into delicate branching respiratory tubes. 

Hubrecht "bas shown that tlia ciliated pits which penetrata the posterior brain- 
lobei of the higher Nemertenn worme Brian solely from the epibtoat. and not partiilly 
from tbe (raophagus, as previous observirs had stated. It is prabshle that these pita 
liale a aensory as well ns a rcapirntory Tuuction. 

Ohordata. — Tlie epidermis is undoubtedly respiratory in some 
Chordata, especially amongst the Amphibia, 

The characteristic respiratory organs of the Chordata are of 
iypoblastic origin (see p. 177). 

External or epiblastic gills are, however, developed in a few 
forms. These are the larval external gills of the Ganoid 
Polyptems, the Telcost Cobitis, and the permanent external gills 
of the Dipnoid Protopterns, and of some Urodeles. In other 
Amphibia they are purely larval organs. The so-called external 
gills of embryo Elasmobranchs are merely the extremely long 
filaments of the internal gills of the posterior lamellse, only, of each 
arch, which protrude beyond the clefts. 

In certain Teteosta [t.g., Anabaa, some Siluroida) acceasarjr reapiratory organs. 
whldi ara lupported by vary delicate contorted buiiy platca, may j{row out from ths 
upper portion or the Kill-archoa into the branchial chamber (p. 179). They are tbua 
DKMMrily invested by the epiderniiB. and constitute organs for aerial respiration. 
In Saccobnmchu* and a few other Fishea, air ia respired by meaiia of membranona 
ac* which evaginate Troin the branchial chamber and push their way along the 
laMtml mnscles oF the body. These Teleoats hare thua acquired new epibleatic 
Dt|;ani for breathing air direct ; but the problem of aerial respiration has been mors 
utiilirtorily solved by the utiliaatiuii of the air-bladder of Fishce and the develop- 
Dwnt of lungs in the ancestral Amniuta. 
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Stomodseam. — The invngination of the epiblast, which in most 
animals forms the mouth of the adult, is known as the Etomodfeum. 
There is reason to believe, aa has already been stated (p. 75), that 
in the Invertebrates the stomodieum oorresponda with the anterior 
extremity of the primitive mouth (blastopore). lu the Choidata 
the same interpretation is held by some embryologisls, but Dohn 
and his school believe that the stoniodteum is a new formation 
possibly corresponding to a pair of fused jjill-slits. 

Whatever theory may be held concerning its nature, the fact 
remains that in a large number of animals the mouth arises as an 
epiblastic invagination whiub subsequently nuiies with the blind 
anterior end of the mesenteron (archenterou). The following types 
will aerve as esamples: — Asterias (fig. 52), Lymneeua (fig. 84, B), 
Afitacus (fig. 140), and Petromyzon and Bombinatnr (fig. 94). 

Usually the stomodieum forms but an insignificant portion of 
the alimentary canal ; but in the Arthropoda, especially in the 
Crustacea (fig. 140,/.^), it is of considerable size. In the latter 
group the stomodceum forms the large crop or masticatory 
" stomach," which in the Deeapodn is complicated by the develop- 
ment of the gastric mill and the filtering apparatus. lu Insects 
it forms the (esophagus, crop, and proveutriculus or gizzard, wfaen 
such are present. The mouth, (usopliagus, and masticatory appa- 
ratua of Rotifers are also derived from tlie stomodreum. 

All the structures and glands developed from the stomodsal 
epithelium are necessarily of epiblaatic origin, amongst which 
may be mentioned the radula sac of Moliuaca (fig. 84 b, r), with 
its contained odontopbore, the ennmel organ of teeth, and various 
mucous and salivary glands, but not the salivary glands of 
Insects. 

The Pituitary Body (HypopliyBis Cerebri).— The pituitary 
body arises in most Vertebrates as a tubular invagination of the 
roof of the mouth (stomodteum) approaching the infundibulum 
(see p. 127). The upi>er end becomes swollen, and the stem 
gradually atrophies. The enlarged distal portion, which is sur- 
rounded by vascular tissue, becomes lobed, and the central lumen 
may or may not persist; it ultimately enters into close union with 
the infundibulum (figs. 107, hpk ; loS.pU, 109, H; its, hp; 116. 
hph) ; but it is only in the Mammalia that the two structures fuse 
with one another. 

Aocordinft to Scutt. ths pituitary body u'aei in tha Lunprey u an apiblulic in- 
Ti^natiou Iwtweea the olhctOTy epithetiiiui aud Itie stomiHla'Uia {&k- 94> *)■ In tlw 
Frog it (ppeut Mote tltt iiiTkgination of tha stamotlBum; but owing to tlM lux* 
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UH of the tattor, and tha rapid growth of the c«rehral bemispheres, the pituitary 
body is c&rried into the mouth ifig. 94, 0). In other forma the early dovelopmeni of 
the cerebral lobes, probably combined with a later appearance of this now function- 
1ms orgmn, cauwa it to be apparently derired f^om the roof of the itomodsum itself. 

Mias Johniou nod Miaa Sheldon atate that in the Frog and Newt tbe stomada^um 
ia at fint a aolid ingrowth of the deeper layer of the epiblaat ; the lower part of the 
ingrowth fusea with tlie fore-gut, while the upper part projocta freely and forms the 
pituitary bwly. 

In Teleosts. according lo Dohrn, the hypophysia flrises aa a pair of hypoHastio 
cva^nationa in front of the mouth, and Hoffmann finds that the earliest rudiment 
of the bjpophyaie ia developed in the common Snake from the anterior end of the 
archenterou ; the same apparently occurs in the human embryo (fig. 143, RpY 

The organ haa probably a pre -vertebrate, and possibly a pre-chordate, aignificanea, 

Proctodseom. — The arguments in favour of the stomoUseum 
conespondiug to the anterior end of the primitive blastopore of 
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Invertebrates upply to the proctodeum with regard to its posterior 
extremity. The blastopore, or a portion of it, however, often per- 
sists as the anus, or tlie anus shortly appears at the spot where it 
has closed up. 

Any invagination of epiblast at the anus constitutes a proc- 
todseum. In most Invertebrates the proctodteum is small, but the 
long rectum of Crustacea (%. 140) is derived from this invagination; 
it is also large in other Anhropoda, 

The Malpighian tubules of the Arachuida and Insecta arise as a 
liiigla pair of evaginations from the anterior portion of the proc- 
todeum; but these usually increase in number. 

The proctodteum forms the cloaca of many of the lower Verte- 
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brfttes, or at all events its outer portion, tlie anterior section being 
formed by the dilated end of the uUmeatary canal, into which the 
urogenital organs open (figs. 73, 143, c). The epiblastic section of 
the cloaca is sometimes marked ofT from the hypoblastic portion 
by ft small fold. 

ClDumef Amniotft.— In a leixnt paper Gadnw ■UUh that "the cloaca aftha An* 
niiita cuiiHiitu originall;, either ptraianently or in the embryo nnly, of threa «iao«*ti« 
chunbcra. I. Tho Proaodirum (LaakeaterJ. The outenncwt uial ebunber of rpi- 
blaatio origin, with it* derivativeii : (l) huru Fabricii in Birda, (i.) varioo* bcdunle 
jgland* fn moat Amniota, {j.) the copuiatorj organa, the, at leant partly, vpiblaatio 
uatuR nE which ii indicated by the frequently developed hnniy annament of tb« 
gluia, b; tha varioui aebaceoua gland*, and by developtnoDt. II. The Cndctiat 
[Gaduw], Hjpoblistio, this <■ the middle chamber or jirimitive doack, Into which 
open the urinogeDital duct* and through which paaa the [noes. With its dlfferrntla' 
tioni: (I.) urinary bladder, ventral; (z.) anal saci io Tortoiica, donaL III. Tb« 
0>prn!trast. Thia i* the innennoit cloaca] chamber. 

"Tlie unxlrrum ta the uldeat portion of the »bole cloaca, then (ollowt the procto- 
dn^uui, and. lantly, the cuprudsiutn haa lecoiidarily auniiDcd cloaca] fuuction*." 

NerrooB System. — The nervous system and the sensory surfaces 
of the sense-organs are, as has been stated, derived from the epiblast. 
In scarcely any other section of Embryology is more light thrown 
upon the signiticance of the tacts of developmeui by a comparative 
study of the adult condiliou of these structures in tlie lower 
animals. Fur ihe sake of convenience the development of the 
central nervous system will be first considered, and afterwards that 
of the sense-orijans. 

Invertebrates.— In the majority of Invertebrates the central 
nervous system originates from certain areas of the epiblast. The 
ceils of Liiese area? axe usually more or less columnar, and undergo 
rapid cell-division (proliferation). The mass of cells thus formed 
sinks into the underlying mesoblast, and eventually differentiates 
into nerve-cells or ganglion-cells, and into nerve-fibres. Out- 
growths from the incipient nerve-centres (ganglia) form nervts 
and commissures. 

Nerve-cells and nerve-fibres occur in all the higher op more 
active Coilenterata. They are undoubtedly modified ectodermal 
cells which have assumed a deeper position, and in the case of 
nervc-fibrea have become greatly elongated. As all the ectodermal 
cells are connected with one another by means of their basal root- 
like processes, the nervous system is from the first connected with 
the superficial ectoderm cells on the one hand, and the deeper 
seated muscle-cells OQ the other, that is, of course, when the latt er 
are present. 
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This midifferentiated nervous system is generally diffused over 
certain areas, chietly the oral surface, or it may be restricted to a 
circum-oral ring, as in certain Hydroids. 

Even iu adult Starfish tlie nervous system is scarcely separated 
from the epidermis ; and it has recently been shown that in most 
Ecbinoderma a nervous network surrounds the whole animal. 
There is, however, a more concentrated nervous tract round the 
mouth and along the ambulaeral areas in all Echinoderras. The 
Cnrpenters and Marshall have proved the existence of an additional 
aboral nervous system in Crinoids, 

A diffused nervous system lying immediately below the epi- 
dermis occurs, according to Hubrecht, in the lower Nemertean 
worms, in addiiion to the lateral cords of the higher forms (see 
also p. 165). 




Hatschek describes the nervous system of Criodrilus as first 
arising as an anterior ectodermal thickening which extends back- 
wards as a cord on either side of the mouth forming the cesophageal 
commissures. The process of thickening continually extends back- 
wards, resulting in the formation of the double ventral nerve-cord. 
The nervous system of the Earthworm (Lurabricus), according to 
Kleinenberg, develops from the epiblast as two long cords on 
each aide of a shallow ciliated median ventral groove (fig. 95). 
The two cords early unite, and segmental ganglionic enlargements 
are soon indicated. The cephalic ganglion is apparently at first 
quite independent of the ventral cords. Hatschek states that the 
ventral groove luvaginates, and takes part in the formation of the 
nerve-cord. 

In the ifollusca the nervous system is usually developed in the 
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ordinary manner by proliferation of the epiblast This occura in 
two regions. In the early Veliger larva of Gasteropoda, or at tho 
corresponding stage of other Molluscs, a piiir of cephalic plates ia 
formed on the pre-oral lob<: within the velum by the rapid cell- 
division of the locally thickened epiblast. These give rise to the 
cephalic ganglia. The pedal ganglia arise from a pair of similar 
areas in tlie foot. Fig. 96, a, shows the proliferating areas which 
are giving rise to tlie cephalic and pedal ganglia in a Prosobranch 
Gasteropod (Purpura) ; these are seen in section in fig. 96, b. 

The uBrve-oords of Cbitona h«Te beon shown by KowalerBlcy to ■riio throughout 
ihoir wholo length from the apiblut in tha region correipondinK to that which Ihej 
uocnpy ia the ululL Tliij form, iu but, ■ doable nerrout ring nTTODDding tb* 
latera- ventral aipect of the body. On recalling the relatioiuhipt of the month M>il 
auiu witli the iirimitivs blutoporo (p. 76], it will be fonnd tliit the nerioiu ijitan 




of then priinitire Molliiaoa constitutes a double eircum-ot»I ring, in other WDrds, ■ 
nervous lyiteiD comparable with that of many OelenteraUa. 

KovaleTsky alao finda that in Dentalinm the cephalic ganglia are dtrlvetl fram jU- 
like Invagination* at the cephalic pUtea. The depreaiion* toon luae Ihtor ooonactiaa 
with the citemal tpiblaat and later tboir central cavity diaappwra. Tha padal 
ganglia at lint ariae (rum an nnpairad area ; thia dii-idea, and each ganglion Ini riiaiia 
at the cipenae o[ the epiblaat of the foot. 

LAnkester states that in the Cephalopoda, the white body 
originates from the epiblast of the head ia the same manner and 
in the same position as the cephalic ganglia la other MoUusca, but 
that the true ganglia are of mesoblaatic origin, the white body 
becoming an apparently functionless structure. 

Bobrvtiky alao derirea the ncrve-gaoglii of Cephalopoda Mid of tha Proaobnneh 
liaaletopod Funis from the meioblaat. Two eiplaiiaiioni >nm<tl llaiaailiia 
). That ihe eartieat stage of these atraetures has not yet been obacnvJ. a. TbU 
if the observations are correct, it is a seoondnj-y phenomenon dt;e I 
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The formation of the nervous system in the Lamellibranchiata 
'MS, 30 far as is known, quite normal. 

The ventral nerve-cord in the Crayfish arises in the median 
"^■entral line on each side of a central groove; this thickened epi- 
Ijlaat is continned along anteriorly round the stomodieum, and 
^glasses into the incipient cerebral ganglia, which are formed in the 
«:eiitre of tlie pro-cephalic lobes. 

According to Iteicbenbach, the development of the ueivous 
^vstem is somewhat more complicated, but the above account is 
3)robably substantially correct. 

The development of the nervous system is very uniform through- 
out the Arthropoda ; the ventral cord may arise as a single or a 
double thickening of the ventral epiblast ; the median groove may 
'^)e shallow, deep, or absent : it is stated to sometimes t<ike part in 
the formation of the nerve-cord. The cerebral ganglia are appa- 
lently always continuous with the ventral cord. 

The aeries of ganglia and the commisaurea connecting them, 
which together constitute the central nervous system of Inverte- 
'bratea, ia thus developed directly from the epibiast. These com- 
missures are usually composed of nerve-cells as well as of nerve- 
libres; in fact, the ganglia are merely local thickenings of the 
commissures with a preponderance of the nerve-cella. 

The nerves proper develop as prolongations from the central 
nervous system, and may give rise to other ganglionic enlarge- 
ments. 



N&tnra of the IiiTertebnta BraJiL — The jiortioii of tlic cenUal uerroiu system 
ritnited in front of ihe mouth (prc-ora!) ie always flssociated with the eyes, and eon- 
atitnl** the primittTa brain. Lankester hna approjiristely Icnneil tliia the archi- 
ccrcbram. A!! the nervea which originata from it supply tho pre-itr«l ragjon of tha 
head. 

Tbe brain of most, if not of all. WomiB is an aruh i -cere li rum. b» la aUo the pi'e- 
enl Derrou* syMem of the Amphineumns Molliuo (Neomenia, Chiton). 

There ia a tendency in tlie Arthropoda for the antMior appendages with their 
ganglia to shift forwards. In this maoner a compoaita brain ( ay n- cerebrum) \s 
lonned. Aa the nervooa ayatem ia composed of two lateral balfes, there is bo ante- 
cedent improbability in tha niigratioa forward of the ganglia. 

All the appencUgea of the Nsupliua larva of Crostacea are poat-oral ; and Pelaeneer 
hu recently shown that in Apua the ganglia of tbe first pair of autmnc hare 
migrated to the brain, althongh thair ncrvei apparently oriae froiD the lEaophagial 
commianm The coacentration ia still greater in other Cruatacn; thos in thii 
group the brain ia alwaya a syn-cerebnim. 

BalTonr baa ahowa that ia the Spider the guglia of tha ChelicuB are poat-oral, 
bnt they soon becooia faaad with the pre-oral ganglia. 

The utonnv of Iiwects and Uyriapode derelap from the pro-eepbaUe lobei, an<l 
are alway* inncrTilad by the f r«-oraI ganglia. Therefore the aatennn of these fonni 
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are probatilf not liomologous with thoK of thv Cruitucea, and their brain 'a id uctki- 
cerebniui. Hat«:hok aUtes Uiat the ganglia of the maadibulnr ugmrnt diwppaan 
in tb« (esophageal commitaureB, and that the Bub^esopbogval gHUglion u (onncd 
bj the gsugliiL of the two Tuaiillarj segments. 

An uulogous coDoentratiou ocean in the braia of the higher HolliUK*. 

There is in the embryos of Artbropoita a pair of Ktnglis for each ■egment of tiM 
body, but B fusion of ganglia ortsn occDrt in the thoracic region of the body, notably 
in the caw of the Itraohyunt and Spiders ; in the former caae the concentimtioii ooenn 
aroimd the sternal niiiTy. 

Central Nervous STstem of the Ohordata. — Throngbout the 
Chordata the central nervous system appears very early, usually as 
a more or less well-defined plate of columnar epiblast (tieural or 
medullary plate) in the median dorsal line of tiie embryo (figs. 59, 
61, 97, 100). A central shallow longitudinal groove (neural or 
medullary groove) appears ia this plate ; it is often widely opea at 
both ends. The neural plate extends from the dorsal rim of the 
blastopore to what will be the anterior extremity of the embryo. 
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The walls of the neural groove bend over, and, fusing in the 
median line, convert the groove into a canal, the neural or medul- 
lary canal (figs. 63, 64, 102). The enlarged anterior portioo of the 
neural tube ia the iucipieut brain; the remainder will develop into 
the spinal cord. Before closing over the canal becomes ciliated 
in Amphioxus and the Fowl. 

H«iiniit«Tic CuuJ.— Id those Vertebrat« «inbryoa which htvi but little fM>d-r«lk, 
the blutopore occurs as an openiug from the archsnteroD to the extsrior, aod tbt 
iwiiral graoTe arises iuimediateiy dorsal and anterior to it ; the nooral fold^ •• • 
matter of fact, extend roand each side of tbo blastopore (fig. 97). 

The lappoaed relation of the blastopore of anch embryos to the primitire blaato- 
potQ, and the position of the latter with regard to the nervous system, haa alnatdjr 
been briefly mentioned (p. 76). 

When the nearal folds unite in the median line to form the neural canal, Lbair 
posterior poKion which lurrounde the blastopore may also close onr. By thte 
means the blastopore would be shut off from the extettor by this overgrowth, 
would iiec««*ri])- open Into the posterior extremity of the neural canaL The d 
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tube connecting the csrities of the aervous syitem and arcbenteron is known ta the 
npurentcric cannl (flg. 99, ne). The ventral portion of tho c«nal i« also termed the 
post-aaal gnt. 

It was till qoite reoentiy eopposed that this occnmiii in the Cyclostomi and 
Amphibia ; but in these gionps it appears that the blastopore persiata as the anus, 
consequently what waa termed tho post-anal gut (solid to the Newt), which was 
imagiiied to exteud betfreeu the closed-over blaatopore and the now anus, is merely a 
ventral Bxtenaion of the neural canal, owing to the growth of the tail taking place 
above the blastopore (flga. 9S, 99}. 
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In those farms in which the blastopore, as such, is abaolote, being paEtially re- 
presented by the primitive streak (ace p. 41), the neurenteric canol may be lost, but 
ia many {i.y., Lizard, Goose, Duck, Parrot, Mole) it stiU occurs and occupies the 
same relative position. In the Fowl and other Amniota the canal ia lost, but 
traces of it may occur. 

The closure of the neural groove takes place from behind for- 
wards in Tunicatea and Amphioxus, but usually in Vertebrates it 
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first cloBea in the region of the neck or hind-brain (fig. lOO). The 
closure in some cases takes place more rapidly backwards, but in 
others the brain ia the first to close over (fig. 101). 

It is important to note that in the Tunicates and Am]ihioias an anterior pore 
fneuml pore) persists for some time after the rest of the canal is completed. At this 
stage (Eg. 57. ot) the cavity of the arehenteron can only commouicate with the ei. 
lerior through this pore. For suggestions concerning a possiljle significance of this 
arrangement, the reader is referred to pajiers by Sedgwick and Van Wijhe. 
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In the Teleostei, Lepidoateua, and Lamprey {fig. 6l, b). the 
central nervous system arises aa a solid axis of epiblast cells; 
the epidermal layer may, however, be carried down into this keel 
to line the subsequently acquired central lumen ; but Shipley denies 
that this occurs in the Lamprey. This variation haa only a 
secondary significance. 
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In those forma in which the epiblast is early separable into an 
epidermic and nervous or mucous layer (aome Ganoida and Auura) 
(fig, 24, E), the nervous tract is entirely formed at the expense of 
the lutter. while the epidermal layer of the medullary plate persiata 
aa the epithelium of the central canal of the nervous system. 
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It will be convenient first to trace the further history of the 
spmal cord and its nerves, and afterwards that of the brain and 
the cranial nerves. The nervous system at this stage consists of a 
tube of epiblast several cells thick, with an anterior enlargement 
(fig. 98). This is practically the adult condition in Amphioxus, 
except that in this form there is no increase in size of the neural 
canal anteriorly. 




Spinai Nerves.— Immediately after the neural tube has become 
quite disconnected from the epidermis, paired outgrowths from 
the dorsal portion of the nervous wall arise at definite intervals 
(fig. 102). These grow ventral-wards, and are the doi-sal (afferent, 
sensory, or posterior) roots of the spinal nerves. An enlargement, 
which is apparent very early, is the rudiment of the ganglion, A 
short time after the appearance of the dorsal roots, the ventral 
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(efferent, motor, or anWrior) roots sprout trotn the inferior an^Te d 
the spinal cord ; eventually they fuse with the former. 

In Ampliioias there arc targe DvrTea with dorsil roots, and the veatn] roob 
epretieDted 'by a Sew loose nerre-fibrcB Khich do not unite villi the fonner. The 
ventral roots form dlatinct nerves in the KUrmpobrancba, hut id Mfiioe alane are 
thuy united with the ilorul iuto a common tmnk. 

In a fully developed spinal nerve (fig. 103) a dorsal branch 
(ramus dorsalis) passes off to the dorsal region immediately below 
the ganglion ; below the latter a branch (ramus intestinalis) passes 
to the Bjmipathetic system, and finally the main trunk (rantos 

ventralis) divides into its peripheral branches. 

The doTBsl roots of the spinal nerves are gpnenLlI; stated to ariae from a tncdian 
dorsal ridge of cells, tertncd bf Marshall the "neural cresL" Later, thej enwif!* 
more rrotii the aJdna of the spinal coni ; and, in some fonns, all or aame of the 
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roots on Mch side »n temporaiily connected together hy a loDftitndiiul oom- 
mUnuB (fig. 104). It is possible that the bteral attachment ia not, aa aana 
inrMtigaton believe, an entirely new fonnation, but that it u dne to the npwatd 
growth at the donal portion of the apinal cord, and the commisiBm maj be oacb 
UUra] half of the nearal crcsL 

It is, hoitever, coDceivBbU that while the apparent ihifting of the attachment of 
the donal roota maj primitiTeljr be dne to the dorsal growth of the spinal cord 
itaelr. in some cases, at all events, a tecood connectioa duo to concretcence m*y bava 
originated lower down on the sides of the spinal cord. 

Sympatlietic Nerroos System.— The sympathetic ganglia arise. 
according to Balfour, as enlargements of the main branches of the 
spinal nerves. Later they are removed from their nerves, but an 
still connected by short nerves (fig. 103). 

Schenck and Birdaell steto thnt in Mammals the main portion of the qnnpUhMle 
ifsteni arises from the lower portion of the spinal ganf^lia, and that eapecUIlj i» 
the OFck the ■ympatlietic cords uito aa a continuous ginglionsted chain. 
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Blitogenailt of th« SpliuJ Cord.— When the neural crnia] is completed, ita walls 
ira scvtrftl cuUb dcaii ; the tliiLkin;ss increases, aod gradoallr differentintioa occurs. 
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The peripheral cells lose their cellulsr appearance, become much elongated ii 
longitudinal direction forming nervo-fibrei. The nnne-fibres a 
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ieai in greatest proliisiaa in certain deSuitc tracts (white matter), 
lateral, bat sooD extcoding all round the cord. The romainiii^i 
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]>nn]itire cell* mctamorpliow ioio the Derre-culli of the gnj niitt«T, villi Um sx- 
caption of tboM celli wbitb lins tha central ouuJ, wul which §Xiny rotus tbmi 
spitiielial cLaracUr. 

The Derrs-celU are >t Grat rauDdod uid t)kiiUr. Itia aUIai tliKt in the hnmBii 
■mbrvo ridUl [iroceues arUe very early, and that tlio mi^'"^')' °^ '^^ °°"* *" "^ 
fint bipolar. 

The central uaDal reUina ita primitive alit-like appearance in tnniTene tectioot 
for a long time, but the exact form of the canal in Kction variea acoording to the 
region of the body and ags ot tbe embtyo. Ultimately it Womea rednotd fay 
clomn from abors downwards t« the miaste round caual ot the adult, which there- 
fore represeula the ventral portion of the primitire caual. 

The ventral (anterior) fiiwure ia produced by lateral downgrowtbi of the cord, 
while the dorsal (jHwterior) liaaure hu in the Pig, according; to Baniei. the foUowin); 
origin. After ths dorsal (posterior) columaa of white matter nearly meet one 
■oothet in the median darsU lioe, they grow downward* a* two bonu (Bordach'a 
tract); in the Darrowapacebetweouthemare wedged two maaiea of «lli(Goiri tract), 
which are either derived from the cord, or more probably are of mixed origin, i^., 
partly moaoblastic [fig. 105). They are separated below by "horn fibre*," darind 




from the degraded e^ttwUtl colli of the tetmting central canaL The doraal fissnrt 
ia thtt* prodocad by ingrawtha of the donal columiu of white matter, and tb* 
•trophy of the tissue lying between them. The downgrowth appears to be indepen- 
dent of the reduction of the canal, as the latter maybe reduced to nearly ita minimnm 
length before the former commeucei (fig. 105, cl 

DeTelopment of the Vertebrate Braio.— The eulai^ ante- 
rior portion of the neural canal earl^ exhibits definite dilatadona ; 
of these, three primary brain vesicles are usually recognised, the 
tote-, mid-, and hind-vesicl«3 (6g. 106, FA, J/A, Bh), but these must 
not be regarded as having equal morphological value. 

The middle-brain vesicle is apparently simple i» chamcter, bat , 
the last is undoubtedly compound, being formed of several imp4 
feet dilatations, each of which is comparable with the mid-vt 
The anterior one of these (fig. 106, Hh) is always well marked, oj 
dorsally gives rise to the cerebelluuL 
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A noticeable feature in the embryonic brain ia the downward 
curvature of its anterior portion. The fiexure is slight in those 
forms which have small cerebral hemispheres (Cyclostomi, Gan- 
oidei, Teleostei, Amphibia), but well marked in the remaining 
groups. The " cranial flexure," as it is termed, is apparently recti- 
fied as development proceeds, but this is merely due to the increased 
size of the cerebral heraispherea. The primitive flexure, if any- 
thing, becomes more pronounced. 

7k 




Befon deKriUng ttie development of the brain, it will be ailTieible to gire ■ brier 
Acroant of the *tnictare of mcb bd aiupecUliaed type o( Iniu u tbat of the Frog. 

ir re^^JDii of the Frog'a brain, the medulla oblongslA, grailually passes 
behind into the spinal cord ot nyelon. It ia triangular in shape, with thii^k aidc- 
^valla and floor, but the roof is very thin, and richly Euppliod nith blood -lease I a 
forming tha choroid plexns. The central canal of the spina] cord expands in the 
medulla to form the fourth Tentricle. 

Tha dorsal anterior wall of this re}^on of Che brain ia thickened and dorsally pra> 
duced (fig. 107, cU), and ia known as the cerebellum. 

Tba root of the brain in front of the cwebelluin is produced into two thick-walled 
boUow veaides, the optic toliea. The caiity of the ru^on of llie brain, into which 
the optic lobe* opeo, is the iter a tertio ad qoartam vsntricnlum (or passage between 
ths third and fourth Tentricle), or more shortly, the iter. The anterior end of th« 
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it«r IB narrowed ; in the dort&l will of tliia neck lie« » truuverM bundle of neTre- 
fibrea, the poaterior commissure. 

The caritj of ttiB brain sgain expands to form the thinl Tciitricle ; this brain 
re^on u the tbalamencephBtDn. The anlerior portion of its toof is prolonged to form 
the pineal gUnd, and llie posterior portion of its floor forms the aac'like infuodl- 
bulum, to the extremity of wbich tho pituitary body i* attsclied. A fm-ihaped 
bundle of nerre-Gbres passes liomi the side iralls of the tlialamenoephaloD, and 
decoaaating on itsTontral wall, formB the optic-chiaama (lig. 107, ocA). The median 
anterior wall of the thalatncncephalon is colled the lamina teniiinalis ; about 
lutlf-way up is sitaated the "anterior commissure" of authors, but thii latter is 
really compoaad of a leparated upper and lower bundle. Osbom has recently shown 
that the upper bundle (which occurs in all Amphibia and Reptiln) is a rudimentary 
corpus calloaum, as it contains the fibres of the dorno-niodisl moiety of the hemi- 
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spheres. The lower bundle (Reptiles, Amphibia, Fishes) representa the anterior 
commiMUie of Msounals (Gg. 109, Co). Tno regions are disoemilile in tlui lower 
bnudle. the pvs olfactoria and the pani temporalis ; the latter, feebly deTeloped in 
the Amphibia, increases with the progreuive dovolopnient of the temporal lohn. 

The an t<iro- lateral angles of the thalamsncephaloD are produced iuto a pair of 
elongated lobea, the cerebral hemispheres. They gradually narrow in front, but 
*giia slightly enlarge to form the olfactory lobes ; tntn their anterior eitranitisa 
the olfactory nerrea liig. 107, I) giasB otf to the nose. The olfaclury lobu arc ta»»i 
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together in the middle line. The common cayit]', lateral Tentricle, of e&ch hemi- 
sphere aad olfactory lobe commaniGateB with the third rentricle through the fonuuen 
of Monro. 

A diagram of m section of the brain of an embryo Fowl (Gg, loS) may be 
adrantsgeously compared with the Frog's brain. Il will b« at once noticed that the 
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thatamenceplialon with the bcmiapheresand the cerebellnm are in this ci 
much larger, and the optic lobea amaller. This ia increaaiugly the case 
ment proceeds. 

A Ggnre of a vertical section through the tinman brain ia given (Gg. log) to 
illoatrata the disproportionate increase in size of the cerebral hemispheres over the 
rest of the brain, and other Mammalian characteristics. 
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The Posterior Primary Brain Vesicle.— At tirst the walls of 
the hind-vesicle have a fairly uniform tiiicknesa {tiga. 159, 160), 
but a noticeable change occurs when the above-mentioued anterior 
thickening (cerebellum) increases in size. Tlie side walls of the 
posterior multiple division, medoila oblongata, become much 
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thickened and grow away from each other dorsally, leaving a very 
thin roof which possesses but little nervous tissue (figs. 12$, 126). 
In transverse sections the meUullB at this stage has a very 
characteristic triangular outline (figa. 112, 126). 

The side walls and floor of the medulla become greatly thick- 
ened, and local enlargements form the olivary bodies and pyramids. 
The thin roof of the cavity of the medulla, fourth ventricle, soon 
becomes very vascular, and is known as the choroid plexus of 
the fourth ventiicla. J 

The minor eulai-gements of this region of the braiu allnded ftgM 
above disappear very eiirly and leave no trace. t 

The OeifibeUtUD at first appears as a thickened anterior dorsal 
border to the medulla ; in many types this undiBerentiated condi- 
tion is practically retained throughout life (Maraipobranchs, soine 
Ganoids, Dipnoi. Amphibia, and some Reptiles). In other forms the 
roof becomes greatly enlarged ; iu Elasmobranchs the cerebellum is 
relatively very Urge, and at an early stage appears to be composed 
nf two lateral halves. In Birds a central lobe appears and grows 
to a very large size ; the walls being much folded, constitute what 
is termed an abor-vitie ; there are two small lateral lubes or Soccuii. 
In the development of the higher Mammals the central lobe 
(vermis) is the first to appear, and remains relatively large for 
some time, but the lateral lobes (hemispheres) usually eventually 
dwarf the former. In connection with this it is interesting to note 
that the cerebellum in the Monotremes consists almost entirely 
of the median lobe, and that in the Marsupials the lateral lobes 
are still small. The cerebellar fissures at first appear on the 
vermis and then extend to the hemispherea. 

The Pons Varolii, being the ventral commissure connecting the 
two hemispheres of the cerebellum, has a proportionate develop- 
ment with them, and appears rather Inte. In the Monotremes it 
is scarcely more developed than in many Sauropsida. 

The Middle Prim&ry Braia Vesicle. — The mid-vesicle, or, as 
it is usually termed, the mid-bratD, has a much simpler history 
than the other regions of the biain. The cavity always remains 
small, and is known as the Aqueductus Sylvii or iter a tertio ad 
qnartum ventriculum. In most of the lower Vertebrates the roof 
is produced into two vesicles, the optic lobes or corpora bigemina 
(fig. 107, op). In Birds these assume a lateral position, and the 
roof of the mid-brain is thin. In Mammals the roof gives rise t« 
the solid corpora quadrigemina (fig. 109), 
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Id an tmrtj itof^e of their deTelopinent in Hnmmsls tlie corpora 'jundrigemina are 
Hid to ftppMT w an indiatincC pair of loboe, a phuse eomparnble witli the optic lobm 
(corpora bigeniina) of the lower Vertebrates. Bat Kalliksr Blate* that the anterior 
pair are at first separated from one another t>y a ahart longitiidiiml groore and only 
pttrtiaUy frata the poslerior undivided mass. I^ter the posterior bodim are c(nn[ileted 
by a Eueeting of the lateral Rrooves and a {loateriar eiteiuioa of the median groove. 
In the Moiiotrcmes thu anterior bodieH are well niarkcd, the posterior being incon- 
spicDOQi, and, according to Owen, not separated by a median grooTO. 

The floor of tlie mid-vtsicle 13 greatly thickened, and forms the 
cnira cerebri. The relative size of this section of the brain is very 
STiuch greater in the embryo than in the adult 

The Anterior Primary Brain VeBicle. — The primitively single 
cavity of the fore-vesicle 13 very early produced into a pair of lateral 
"X'esicles, the optic vesicles (figs. 106, no), the further history of 
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■which is connected with the development of the eye {pp. i57-ifi7). 
The fore vesicle grows anteriorly, and a small downgrowth from 
the roof indicates the distinction between the anterior and posterior 
divisions of the fore-brain. The posterior division is the thala- 
mencephalon (fi^'B. 111-115); '^^ anterior will give rise to the 
cerebral hemispherea and olfactory lobes. 

The anterior portion of the floor of the thalamencephalon thickens 
to form the optic chiasma, while tlie posterior part is produced 
into a blind backwardly directed pouch, the infundibulnni (figs, 
no, IIS. 135)- 

Id the lower Vertebrates the infiindibulum is vauatlj relatively large, but in the 
higher formi it i« much reduced. In Teleostel ventral-lateril awelUngB of the in- 
fuodibujani conatitate the lobi inferiores ; the single tuber cinereum of Mamniali 
occnpiaa a rimilar position. The corpus albicans, whil^ll is ajnfrle in the lower 
M>mm>h^ bnt double in Han and the higher Apei, though single when lirst de- 
Teloped, arisea beliind the infundibulucii. 
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The pituiUrybody (fifis. lo;, A/iA; 109, n; 112, V: l>^> *P*) (hypophyiU oewta 
becomes more or lesa iutimstety coanected with tbu fuiidai of the iofnudibulaiii, b 
it i> in nowise a nervoUB itructure (see p, 100}. 

The walls of the thalamencephalon greatly increase in tkickD«s9, 
and form the optic thalami (fig. iii). The middle or soft com- 
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missure of Alammals unites these structures anteriorly across the 
cavity of tiiis region of the brain (third ventricle). It is pro- 
bably homologous with a commissure described by Balfour in Elas- 
mobrauchs, ami by Osborii in Amphibia (supra-commissun) (fig. 
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107, S.C.), which crosses the roof of the third ventricle immec 
in front of the pineal gland. 

The pineal gland, or epiphysis cerebri, develops as a diverti-'' 
culum from the roof of the third ventricle (figs. 107-log, 1 16), It 
usually becomes a long narrow tube, the lumen of which may per- 
sist throughout life, but usually the proximal end atrophies to aj 
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thread-like stalk, while the distnl portion is enlarge*], and becomes 
lobular or branched. The enlarged termination may remain out- 
Bide the cranium (Raja and Anura) or become imbedded within 
it (Acanthias and some Lizards), but in most cases it lies beneath 
the roof of the skull. In Elasmobranchs and some Urodela the 
pineal gland retains its sac-like character (6g. 1 38*, b), 

Ahlbflro regards the pineal gland as the niilimeDt of b primitive unpaired e;e, 
from ita position, origin, and mode of development, and coniparea it with the im- 
piired eye of AtDphioiuH and larval Asddianu, This view lias tinee been confirmed 
hy De Gruf, wlio has shown that in An^is the epipbysin has the structure of an eya 
moitructed on the inTertebrate plan. Speucer has still more recently extended tliil 
diicorery to Hatteria and other Liuirda (iig. 13S*, c^e). Tbii orgtu ll lodged within 
Ihe parietal foramen. A similar foramen ia found in the sknlls of Lsbjrintliodonta 
and certain extinct Keptilia, aod also, as Osborn has pointed out, in the Meaoiaic 
Mammal Tritylodon (see also p. 161). 

Behind lUe pineal gland the optic thalami are further connected 
across the roof of the brain in the Elasmohranchii, Amphibia (fig. 
107, p.c), Sauropsida, and llammalia (figs. 109, Cp; 116, p.com) 
by a transverse commissure, the posterior commissure. This is 
always situated at the base of the posterior peduncle of the pineal 
gland. 

In front of the pineal gland the greatly thinned roof of the 
third ventricle, velum interpoaitum, becomes very vascular, and 
forma the choroid plexus of tlie third ventricle or tela choroidea 
(figs. 107-109, 116, ch.p 3). 

The cerebral bemispheres usually arise as a pair of lobes from 
the roof of the anterior or cerebral portion of the fore-brain, each 
containing a cavity, lateral ventricle, which is continuous with that 
of the central nervous system (figs. 107, 108, in, 112). 

That portion of the fore-brain lying in the median line between 
ihe cerebral hemispheres is the lamina terminalis (figs, 108, 116, 
It), and it extends from the roof of the thalamencephaloa to the 
optic c bias ma. 

The Y-shaped passage connecting the lateral ventricles with the 
third ventricle is the primitive foramen of Munro. Though at 
first wide (fig. ill, m), it is ultimately greatly narrowed (fig. 
109, T, M). 

There is thronghont the Vertebrate series considerable diversity 
in the size and structure of the cerebral hemispheres. Their 
condition in the Amphibia has already been described. 

The cerebral hemispheres show a marked increase in size in the 
Sauropsida, and reach their culminating point in the Birds ; but 
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even here they attain a low stage of evolution as compand with 
the hemispheres of the Mammalia. 

Not only do the cerebral hemispheres in Mammals grow forward, 
but they extend backward so as to hide the thalamencephaloa 
and the mesencephulou in a dorsal view, and even project beyond 
the cerebellum in Man (hg. 109) and the higher Apea. The com- 
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plexity of this region of the adult brain is due to local thiclu 
reduction, infolding, and fusion. 

The external walls of the primitively simple cerebral 1 
spheres become greatly thickened, while the inner walla — i^.. thosa 
in contact with one another in the median line — are extremely thin. 

The meaoblastic sheath surrounding the developing brain grows 
downwards as a lamina into the longitudinal fissure between the 
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hemispheres. From this will be derived the falx cerebri and 
choroid plexus (fig. 115, /and j)/). 

The floors of the hemispheres become much thickened and 
constitute the corpora striata. These protrude so much into the 
lateral ventricles as to cause them to assume a curved appearuca 
in ft longitudinal vertical section (fig. 113. st), thus constitutii^ tlM 
anterior and posterior cornua of the lateral ventricles. 
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The position o£ the corpus striatum is indicated in an external 
side view of a cerebral hemisphere by the fossa S^lvii{fig. 114,/s), 
which demnrcates the frontal and temporal lobes. 

Owing to their backward extension, the corpora striata becomti 
increasiugly connected wiih the optic tbalami (fig. 115, st, Ch), 
with which they ultimately fusQ so completely that the line of 
separation cannot be recognised. 

The corpora striata are connected together by the anterior 
i which travereea the anterior wall of the third ven- 
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tricle. This is the earliest developed commissure which connects 
the cerebral hemispheres, and is found, though of smaller size, in 
the Sauropsida and Ichthyopsida. It lies in the substance of the 
lamina terminalis (figs. 107-109, 1 16 a.c). 

The inner wall of each hemisphere projects into its lateral 
ventricle as two longitudinal ridges extending from the foramen 
of Monro to nearly the posterior end of the descending cornua. 
The upper one, hippocampus major or cornu ammonis (figs. 1 1 3, am ; 
115, k), is a solid nervous structure, while the lower ridge is very 
thin and folded, and by the ingrowth into it of a large number 
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blood-vessels from the falx forms the choroid plexus of the lateral 
veotricles (fig9. Il3>''l "5. pO- 

Tlie cerebral hemispheres of Mammals unite with one another 
in front of and above the lamina terminalis ; the fused internal 
walls being very thin, are termed the septum lucidum or septum 
pellucidum (figs. 109, 5^; 1 16, s./). In Man the two walls 
enclose a stit-like cavity, the so-called fifth ventricle. As this 
space is really only a portion of tlie longitudinal fissure between 
the hemispheres enclosed by overgrowth, it, morphologically speak> 
ing, lies outside the brain, and consequently is not lined by an 
epithelium, like the true ventricles. 

The fornix (fig. ii6,/x)ia a band of nerve-fibres which unites 
the hemispheres along the inferior border of the septum. In front 
it divides into two anterior pillars or columns, each of which, 
passing in front of the foramen of Munro and behind the anterior 
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commissure, terminates in the corpus albicans (or in each of the 
two corpora in Man). Behind, the fornix also divides into two 
posterior pillars or crura, each of which eventually passes into the 
hippocampus major in the descending cornu of the lateral ventricle 
of its side. 

The characteristic commissure of the Mammalia, the corpus 
callosum, arises last of all in the upper portion of the septum 
lucidum, and serves to directly connect the two cfirebral hemi- 
spheres. The curved anterior section (genu) is the first portion to 
develop, and this alone occurs in the Mouotremata and Marsupials ; 
in these groups the anterior commissure is relatively very large. 
The corpus callosum keeps pace with the hemispheres as they 
increase in size and extend backwards. As was stated on p. 124 
a rudiment of the corpus callosum is found in Amphibia and 
Heptiles. 
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In the lower Vertebrates the cerebral hemispheres are smooth 
throughout life, but id the higher Mammals the surface of the 
hemispheres is thrown into a number of folds (convolutions) with 
deep grooves, or sulci between them, 

KoUiker was the first to distinguish two kinds of cerebral con- 
volutions and sulci, which he now terms primitive and secondary. 
The former appear early, and all but disappear long before birth. 
The sulci are the expression of actual infoldings of the walls of 
the hemispheres, and correspond with those local thickenings 
which constitute such structures as the corpus striatum, hippo- 
campus major, &c. The sulcus of the first of these (fig. 114,/s) 
is the only one which markedly persists throughout life. 

The secondary convolutions begin to appear about the middle 
of foetal life in Man. They affiict only the more superficial portion 
of the cerebral walls, and probably originate by arrest of growth 
in the sulci, accompanied by active growth in the convolutions ; 
the arrest of growth may be partly induced by the pressure of the 
main blood-vessels of the hemispheres. 

In many of the lower Mammals the cerebral hemispheres are 
smooth, i.c., free, or nearly so, from the secondary convolutions. 
The order of the appearance of the convolutions is too special a 
subject to be dealt with here ; but, speaking in general terms, the 
cerebral convolutions of the brains of certain adult Lemurs and 
Monkeys correspond with stages observed in the development of 
the human brain. 

The olfactory lobes (Khinencephala) usually arise as hollow 
prolongations from the antero-ventral end of the cerebral hemi- 
spheres (figs. 107, 108, 1 16). According to Marshall, they arise in 
Elasmobranchs (fig. 120, ol.v) and Birds after the appearance of 
the olfactory nerves. They are relatively large in the adults of 
low forms, and in the embryos of the higher Mammals. 

In all Mammals the olfactory lobes are at fiist hollow, the 
cavities being prolongations of the lateral ventricles ; in Man the 
lobes become solid and quite small (figs. 109, 1 ; 114, ol). In the 
lower Mammals they constitiite the anterior extremity of the 
brain; but owing to the forward growth of the cerebral hemi- 
spheres in the higher Mammals, they eventually occupy a ventral 
position. 

The envelopes of the brain are entirely of mesoblastic origin. 
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Bnuaaaxj of Uie Htitoir of th* MunmiliBa Brmin.— The primit!** B«ar»l 
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The greater portion o( the walla of these primitiTo Toaiclea lifoome onormooaly 
thickened, thua tbo anterior portion of the roof of tbe hind-Tend* (hind-bTun) 
rormi the rombellum, and the floor and sidee develop tbe olivary bodies, pjmtmida, 
Ac, and aiiteriorlj tho pons VaroIiL 

The corpora bigemina (or quadrigemina) are daroloped from the roof of tho Rtiildla 
roaicle, and tbe cnira cerebri from the Boor, 

In the anterior Teaicle, the floor of tha tbalnmencephalon denlop* tho corpot 
RlhicatM and optic chiuma. and tbe walla of the optic thalamL Tbe floor of earh 
half of tbe pronencophalon (cerebral hemiipherca) denlopa the corpora striata, and 
the ioner walls tbe htppocampns nwjor ; the eitemal walla are gteallj thickenad. 

Bat portions of the primiliTe Tesidei remain thin and develop rasoalar pleii i 
these are : — The roofs of tbo myelencepbalon (medulla) and thalamencephilon, and 
part of the inner wnlle of the proeeDcepbalon. 

The cerebral hemiapberea grow backward, and their lateral veaicloa are coniider- 
sbly altered in shape and tbeir cavities reduced by the ingrowth of the walla and 
floor ; as, for piample, the hippocampi and corpora striata. 

The lateml elements of the brain are co-ordinated by the development of Iranimat 
coramiaanrei. o( which (he following are the most important .-—Pons Varolii for th* 
rerebellum, posterior comtnisiufe, anterior portion of tbe root of tbe masenoephalon, 
middle eommisaure across the third ventricle, and the anterior commiaanr* in its 
front walL This, with the fornix at the bate of the septnm lacidaro and the cu- 
pus callosiim above it. serve to directly connect tbe corebral homlaphorea with *adi 
other. The dei'uaaation of tbe fibres of the optic chiaama, strictly speaking, com* 
under this Iie»d, 

The Cranial NerreB.— The dorsal roots of the cranial nerres, 
like those of tiie spinal nerves, arise from the dorsal portion of tbfl 
cerebro-Bpinal axis. A neural crest, continuous with that of the 
spinal cord, is probably always present. 

Most of the cranial nerves are usually regarded as homologous 
with the spinal nerves, and as having a segmental signilicADCe, but 

* Correcponding to the German Vurderhini. Zwiscbcnhim, Mittelhfra, Hiotffl 
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considerably modified, owing to the great changes which have taken 
place in the cephalic region. 

The following ia a brief sumnjary of what is known concerning 
the development of the cranial nerves. The numeration and 
terminology is that which is usually adopted by anatomists. 

XII. and XI. The Twelfth or Hypoglossal, and the Eleventh 
or Spinal Accessory Nerves.^Neitlier of these nerves is con- 
stant as a cranial nerve throughout the vertebrate series. For the 
present tliey may be dismissed, aa they are regarded by some as 
belonging to the spinal series (see p. 141). Their development is 
not well known. 

X. The Tenth or Vagus Nerve. — The tenth nerve arises from 
the neural ridge in the myelencephalon (medulla) behind the audi- 
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tory involution ; it soon develops a large ganglion, beyond which it 
is produced as the intestinal branch. Later several anterior roots 
arise from the ventral surfiice of the brain and join the vagus. 
This nerve sends a pair of branches to supply the two sides of the 
posterior branchial (visceral) clefts (see p. 177). In the Marsipo- 
branchii, and in Notidanns, the last six of the seven branchial clefts 
are supplied by this nerve; in other Vertebrates the number ia 
less. Thus the tenth nerve is usually regarded as equivaleut 
to at least six segmental nerves, the single origin of the tenth 
nerve being supposed to be of secondary significance. For several 
reasons Amphioxus cannot be utilised for comparison, otte being 
that there is no correspondence between the number of the body 
segments and branchial clefts in that form. 
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IX, The Ninth or Oloaao-Pbaryngeal Nerve.— Ttie ninth 
nerve usually has a common origin with tho tenth nerve, but it 
very soon becomes distinct, and, like the latter, it acquires numeroas 
roots, ITiis nerve passes immediately behind the auditory capsule 
and expands above the first branchial cleft into a ganglion. From 
the latter a thick posterior branch is distributed to the anterior 
border of the first branchial arch, and a thinner branch to the 
posterior border of the hyoid arch. 

VIII. The Egrhth or Auditory Nerre.— The eighth ner\-e 

(fig. 126. E, VIII) arises in such close contiguity with the seventh 
that it is usually stated to be a branch of it ; but Beard maintains 
that it is a true segmental nerve. It is a short thick nerve vritb 
a large ganglion, niid is solely the sensory nerve of the ear, 

VII. The Seventh or Facial Nerve.— The seventh nerve 
early develops as an outgrowth from the neural crest on the dorsal 
surface of the myelencephalon just in front of the auditory capsule. 
At an e.irly stage it acquires a new or secondary attachment to 
the aide of the braiu ; but, unlike any other nerve, cranial or spinal, 
t)ie original or primary root is retained as well as the secondary 
[Marshall]. The main branch of this nerve passes down tiie 
anterior side of the hyoid arch (p. 178); a smaller branch fprie- 
spiracular) forks over the hyoraaudJbular cleft (spiracle) ; in 
Mammals it joins the mandibular division of the fifth ner%'e. and 
is known as the chorda tympani. The seventh nerve also gives 
rise very early to two anterior branches, the upper (portio facialis 
of the ophthalmicus superficinlis) passes to the front end of the 
head along with the ophthalmic division of the fifth nerve. Tho 
lower or palatiue (superficial petrosal of Mammals) runs super- 
ficially to the superior maxillary division of the fifth. 

VI. The Sixth or Abducent Nerve.— The sisth nerve arises 
from the median ventral Hue of the brain below the seventh nerve. 
and never develops ganglion cells. It is an exclusively motor 
nerve, which supplies the rectus extemus muscle of the eyeball, 
and also in some forms the retractor muscle of the bulb of the 
eye and the nictitating membrane. 

V. The Fifth or Trigeminal Nerve.— Tlje fifth nerve develops 
from the neural ridge in front of the seventh nerve. After expand- 
ing into a large ganglion (Gasserian ganglion), it arches over the 
mouth, the main trunk (mandibular or inferior maxillary) bein;; 
diatributedoverthelowerjaw, and the smaller (superior maxillary) 
over the upper jaw. The dorsal division of the fifth nerve emerges 
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anteriorly from the Gasserian ganglion, and follows the oplitlialmic 
division of the seventh nerve to its distribution at the anterior end 
of the head ; it is known as the portio profunda or minor of the 
ophthalmicus supeifidulis. A nerve connecting the Gasserian 
with the ciliary ganglion ia usually termi^d the ophthalmic division 
of the fifth nerve ; it appears not to be a branch of that nerve. 

IV. The roorth. Pathetic or Trochlear Nerve.— In its 
earliest recognised condition ihe fourth nerve has the same 
position that it occupies in the adult, viz., the dorsal surface of 
the extreme hinder border of the mid-brain. It invariably in- 
nervates the superior oblique eye-muscle, and in many Vertebrates 
sends sensory branches to the conjunctiva and the skin of the 
wpper eyelid. 

III. The Third or Oculomotor Nerve.— Marshall thinks it 
as probable that the third nerve grows from the neural crest on 
*he top of the mid-brain ; but as in the adult it arises very near 
"the mid-ventral line, it must undergo the maximum amount of 
change of position. But Beard states that the nerve described by 
"Marshall is really the radix longa. and believes, though he has no 
direct evidence to give, that the oculomotor does not arise from 
the neural crest. This nerve is associated with the ciliary or 
ophthalmic ganglion, and is distributed to all the muscles of the 
eyeball except those supplied by the fourth and sixth nerves, as 
well as to the levator palpebne superior's and the circular moscles 
of the iris. 

II. The Second or Optic Nerve. — The second ner\-e is merely 
a degenerate portion of the brain itself, being the stalk of the optic 
vesicle (p. i6o). 

I. The First or Olfactory Nerve. — The first nerve arises from 
the dorsal part of the sides of the anterior cerebral vesicle before 
the cerebral hemispheres have commenced to develop. Owing to 
the enormous development of the latter in the higher Vertebrates, 
tbe nerve comes to occupy a ventral position. It is exclusively 
distributed to the nasal foss« (''?'■ ' '7- '2^' ^)- 

HtpoUmm* eonceniinc tbe SBgnuntal Valnt of tha Cnalml BtrrM.— Beeentljr 

both Spenctr uid Bcud taie ahoini th*t after tbe (donal) rooti of tbe cruUl 
nnrea uiaa from the neural li'lgt, thtj fose witb the eptblatt et tlw level of tbe 
notoehord. Ths epibUst celU at thete ipota ptolihnla ttw n i— w of calli tbiu 
dcTcloped, forming the cruiul ganglia ; and at th« MtM tioM ■ rviiiatPUrj Hmc- 
tnra ii fonued, tenned bjr Beard Uie bnnchial wmm orgaD, and by Sptiinr the 
MOM organi of the Islnil line in the bead. Aa >hew organ* at dnt oolj appiai tu 
the gill-bearing ragion of the bodj, the lonnei tern it pcrbaf* tbo fnftntUt, 
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Uisa JohnuiD and Miss Sbeldon, vho liayo atill mon recentl7i]i*Mti);Bledtli* 
dovElopment of the cnnial ncrTos in the Newt, admit the fusioD of tba cnitikl nerTB* 
with the incipient serial aenae orgacii (mucouB canals or lateral line organ* of the 
head). Thej denj that the gan^ilion is <lerived from thia fusion, bat Male tbat it 
takes ita origin from the original outgrowth from the neural ridge^ as Kedot has 
also sliown for the spinal nerves in Triton- 
Beard states that tlie doraal root of a cranial nerre develops in the follawiDg 
manner. The nerre fn'owa downwards from the neural ridge below, but unconnected 
with the apiblaat. About the level of the notochord it fan* with the epiblait, but 
part of the nerve pMws on to tlje lateral muscle- plates of the aegment (Gg. liS); 
this main or postoiior brancli (post-bntnchial nerve) of Itrard. chiefly innervate! the 
gill-muBclas. Proliferation at the junction of the nerre with the epiblast gives riM to 
the ganglion of the dorsal root, and externally to the rudiment of the primitiTe bran- 
chial sense organ of that root. Aa the ganglion separates from the skin a nemma 
tnwit is left, the so-called dorsal bnuich ( supra- bnuichial norve)- The antrrior <ir 
pnebrancbial nerve, and probably the pharyngeal branoh, are also deriied fn>M 
thia proliferation. 
Following up this discovery. Beard ban attempted a re-snumotation of tlu tag- 
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menta of the head, and a rev: 
following is briefly his position. 

The ganglia known to haman anitomista as the olfactory bulbs, ciliary. GasKriaB, 
geniculate, aaditoij, pctroua, and pneumogutric ganglia, all belong to the sane 
aeries, and are asaDclstod Kith primitive sense organs. The table given on ^ 140, 
when compared with Gg. 117, will elucidate their relationship*, and but few ramaik* 
will be necesnry. 

On thia hypothesis the nerves arising from the cranial nmiTal octt and nnllfBg 
with the primitive sense organ of its setrment correapond to somo citant with tks 
dorsal bnoclies of the spinal nerves. The nerves and their ganglb tre: I 
olfactory nerve and ganglion 1 (i) the radix longa (or the nerve uniting the 
with the Qaaierian ganglion) and the aliary ganglion ; (3) the trigeminal 
and the Gasnrian ganglion ; [4) the facial nerve with its ganglion ; (5I the sndlt 
nerveand ganglion; (6) thegloaso-pharyngealnerveanditagsnglion; (7-(-)the 
nerve with ita legmental branches snd tlicir associated gsnglia. 

The association of the dorsal root of the ciliary nerve (radix longa) with the 
Gasserian ganglion, instead of ita directly arising from the brain. Is eipUised by 
liearj aa being due to the primitive outgrowths being very close togeth 
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The oculomolOT (III-), trochlear (IV.), and abdoMnt (VI) norve» (ire regarded u 
tlie aDterior roots of the radix loijgK(riIisr]'). trigerain&l (V.), and facial (Tll.^pi 
retpactiTely. They all supply the oye-muscles, the Utter being developed from tha 
first two [I three) jiend caritiea. 

The fact that there are two anterior brant^hes [opbthalmic and palatine) of the 
MTentb cerre, is obs reason for supposing that there tuny be a missing bead segnient 
bettreen the tbird and fourth of the aboTe enumeration. Independently of thii, 
Ihara are two pre-oral segments ; and counting the auditory as a true ae^ent, there 
> post-oral in the Fish, with the greatest nnnibet of gill-cIeftB (Nolidanue). 
Thil makes a total of at least tvelve segments in the Vertebrate head. 

Little need be added concprning the segmental sense organs, as they UEUslly at 
fint appear as patches of columnar colls lining a slight depression of the epider 

Ssriil Cnnitl Senu OTBAiu.~The or^na of the lateral line consist of a series of 
mucous canals containing groups of aense-cella which are segmenlally disposed in 
the tmnk (see p, 14S). The caniils are variously distributed in the head, but in the 
body tbey almost inrariably extend along the middle line of each side, as far as the 
tail. This system of sense organs is only ionnd in Fishes, UriMlela Amphibia, and 
the larTS of the Anom. 

In the bead the canals are innervated by cranial nerves, the lateral line proper 
being (applied by the lateral branch oF the vafpia. 

The lateral line itself is develogwd from a backivard growth of the epiblaatic 
proliferation, wliich gives rise to the sense organ of the vagns. This 
Mlong the superficial epiblast and the indifferent epiblsst cells, which are tboi thrust 
aside are probably lost [Beard] {(ig. 103), 

Aa in other cases, the nerve of the sense-organ is formed from the deeper layer 
of the sensory thickening. 

The extension of these (primitively branchial) sense organs to the hinder end of 
t.ha body is supposed by Beard to bo of only secondary signiiicauce. Some authors, 
bowsTer, believe that the connection of the (segments!) organs of the lateral line 
'With the vagus is itself secondary. 

Of the primitive segmental sense organs, the first has become retained and modified 
M( the olfactory organ. In most Ichthyopsida the organs of the lateral line of tha 
liead are still innervated by certain cranial nerves (ciliary, trigeminal, facial, and 
rIosso- pharyngeal). The auditory organ may posaibly be a highly specialised seg- 
rnental sense organ, its histological structure also lending support to this view. 
The posterior organs persist as the organs of ths lateral line of tlie body in tha 
Ichthyopaids. 

The presence of primitive branchial sense organs is not confined to the Ichtby- 
v>paida. Fronep has discovered mdimetita of them for tlie facial, glosso-phsryngeal, 
«nd vagns segments in Cow and Sheep embryos ; and Beard finds them in the Fowl 
for tha ciliary and trigeminal, in addition to the above segments. In all esses they 
diasppear rerj soon. 

ThyiDiu Qluid.— The paired serial rudiments of the thymns g 
Yninner which is very suggestive of tboir having possessed a primitive branchial 
sensory function. For the sake of convenience tha Jovelopniont of this composite 
Claod will be described in another section (p. 184). 

The primitive branchial clefts suBer great reduction. The more or less rudimen- 
tary byoideon cleft (spiracle) is lost in the Teleosts. Most Fislies have but live true 
branchial clefts. The absolute extinction of the branchial clefts is well exhibited in 
* adult Urodele Amphibia ; but in these and in nil higher animals the 
lypoblastic evapnation concerned in the hyoid cleft more or less persists as the 
Ettatachian tube or recess (p. 1 
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This table will be found to differ from fig. 117 in haling two hyoi 

icjiiently in ai'countiiig for a total of thirteen segmeiita. Tlie Grst segmeQt 
comsponds aith tbe rore-bniin vesicle, the second with the mid-vesicle, and tho 
nmainder with the hind region of [he brun. 

Froriep divide* the Uammiiliiui head into throe regions;— (1) prppituitarjr or 
trabecultir, with the nose and eyes ; (l) pseudo- vertebral, with the trigeDiiaal, facial, 
glotso-pharyngeal, and composite Tn$;uii nerves, wlitch supply Ihe pharyngeal clefts ; 
13) vertebral, conaisting of the occipital bono and bypogloaaal nerve. He hu found 
that in the embryos of Rnrriinants there are rudiments of three distinct protovertebrK 
in front of the first cervical (spinal) nerve and behind the vagus. In front of each 
of these rudiments ventral nerve roots arise, which all unite in ■ single trunk, the 
hypogliMsui. A aiugle dorsal ganglionated root unites with this compaaita nerve. 
Thus the hypoglossna is a fusion of at least three segmental nerves, and tbe occipital 
region corresponds to as many vertebra. (This view has been independently arrived 
at by M'Murricli on purely anatomical grounds.) It must further be admitted that 
the occipital region of the cranium is Dot identical throughout the vertebrate seiies. 
Ahlbom. from bis studies on Petromyion and Anuni, has also arrived at the view 
that the hinder portion of the akul! and the anterior cerrical vertehrffi may not 
respectively be homologous in different Craniates. He has come to the conclusion, 
mstnly from a consideration of the cephalic meaodermic segments, that there were 
jnimitively nine pairs of apinal nerves in the hind-brain, of which Nerves III-, IV., 
and TI., had only motor roots; but as neural segmentation (nenro-merism) !■ 
secondary, the spinal-like cerebral nerves of the cranioia cannot be compared with 
the segmental spinal nerves. 

An endeavour has been made to give a brief account of some of the views which 
are held respecting the significance of the cranial nerves, and of a few of the attempt! 
which have been made to utilise the nerves in solving the problem of the segmenta- 
tion of the Vertebrate head. It must, however, be borne in mind that there are 
very good reasons for regarding the apparent segmentation of the cephalic region as 
an Brrangement perfectly distinct from the metainerisation of the truub. 

Sense Or^aDB.^Tlie simplest organs of sense are epiblastic 
cells, whicli, having a stiff hair-like process, are excited by vibra- 
tions in the external medium (fig. 119). These sense-cells are 
usually collected into groups or series, and constitute definite 
sense oi^ans. 

Sense organs may be roughly grouped into those which appreciate 
vibrations oE air or matter, and those which are stimulated by 
light. 

It is usually possible to distinguish between sense organs which 
have a tactile, olfactory, gustatory, and auditory function; but in 
the lower animals it is probable that other kinds of vibrations may 
be appreciable which give rise to sensations of a less distinct, or 
even of a different character. These various senses are doubtless 
differentiations of a primitive tactile sense ; this is rendered more 
probable from the similarity in their development and their funda- 
mental similarity of structure. 

Tactile Orffans. — Tactile organs are direct modifications of 
epidermal cells ; they may either be the simplest of sense-cells, or 



142 



THE STUDV OF KMBBYOLOGV. 



may be more or less differentiated. Numerous kinds of taciila 
organs are described in works on comparative anatomy and his- 
tology. They may be generally diffused or restricted to certaiii 
prolongations of tbe body, more especially of the anterior end, 
such as lentacliis, palpi, and auteunu\ 

Olfactory Organs. — The higher invertebrate Metazoa alone 
3 any organs which can be recognised as olfactory. In the 
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Arthropoda these are minute bristles which are connected with 
nerve-fibrils. The olfactory organ of Mollusca (osphradium of 
Lankester) consists of a patch of eense-celk which ia sitoated 
over each gilL 

A pit or papilla behind or above each eye is stated to be the 
olfactory organ of the Cephalopoda. 

In Amphio^cus a single ciliated pit, situated on the left side at 
the anterior end of the neural canal, is usually spoken of 
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olfactory organ ; but Hatscliek has shown that it is of hypoblaatic 
origin (p. 185). 

An undoubted olfactory orj^an is present in all higher Chordata. 
It first appears as a pair of tracts of columnar epiblast at the 
anterior end of the body, immediately in front of the siomodseum 
^fig. 94, A, olf). The sensory epithelium invaginatea as two shallow 
pits (%. 117, 120), which aoou deepen. Although the internal 
epithelium (Schneiderian membrane) is thrown into folds to 
increase the sensory surface, or the surface may be further iucreased 
ty the projection of coiled, and sometimes very complicated, car- 
tilages and bones (turbinal bones), yet the sac-like character aud 
the primitive opening of the nasal pits are always retained. 

The single nasal sac of the Cyclostomi has probably no phylo- 




genetic signi&cauce, as in the younger stages there are distinct 
evidences of a double nature. In all other Vertebrates the nose 
is paired from the first. 

In Elasmobranchs the orifice of the olfactory pit ia ventrally 
situated. In the Ganoids and Teleosts a distinct and often wide 
bridge of tissue divides the orifice of the nasal sac into an afTerent 
and an efferent orifice, which always come to be situated on the 
dorsal aspect of the snout. 

A groove extends in many Elasmobranclis from each nasal sac 
to the mouth ; the central Hap of skin between the grooves is the 
nasal valve or fronto-nasal process (fig. 121). The lateral folds of 
the fronto-uasal process sometimes fuse wiih the cephalic integu- 
ment across the nasal groove, in this way forming two apertures 
to the nasal sac. 
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The walls of this groove grow over and coalesce in the middle 
in Dipnoi and all higher animals, thus forming a canal which 
opens in front by the anterior nares or nostrils, and behind as the 
posterior nares. The latter are situated just behind the upper lip 
in Dipnoi and Urodela, In Anura and higher forms they lie 
Eumewhat farther back, but they are, in all, uiorphologicaUy in 




front of the palatine bones. With the formation of the palate, 
the mouth cavity becomes subdivided into two, a lower buccal 
cavity and an npper nasal passage. The secondary posterior 
narea thus eetabltshcd may be carried hack, as in the Crocodilia, 
Myrmt'cophaga, and in some Cetacea, even to the extreme hinder 
end of the mouth. 

Th« doTcloptDvnt of the heuI puange in the Fowl is brieBy u foUowi, Th* 
rdge of the nutl pit dereloja b thickened bonier, excejit tomnli the moath, thu 
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leaTintc > ehtllow groore, tlie nual grooTC. The eentiml portion of tUt graorc \m 
coDTerled into • <mnkl bj the loirer uigle of the fronto-niMl prooen orerUpptn^ 
and ultimate])' fonng, with the sapnrior masilUrr pracesa. The naeel wnal Um 
formed opens well within the mouth by the poaterior nuei. 

The adult condition of the nasal groove in some Elasmobranchs 
(fig. 121} corresponds with a transient stage (&g. t22) in the em- 
bryos of those Vertebrates which have posterior nares. 
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. Hw Ugan of Jacobson is primitively developed as a pair of 
^notloolft from the nasal sac. These are at first large, but their 
subsequent development is less rapid than that of the olfactory 
sacs. Eventually they give rise to comparatively small organs, 
which usually open directly into the mouth independently of the 
posterior nares. 

A shallow depression, which extends from the eye to the nasal 
pit while the nasal groove is still open, separating the outer nasal 
process (as the outer raised border of the nasal pit is termed) 
from the superior maxillary process, is known as the lachiymal 
groove. 

The lachrymal duct is formed from a solid cord of epiblast cells 
which separates from the floor of the groove. It subsequently be- 
comes hollow, and places the orbit in communication with the 
nasal chamber. 

Gustatory Orgrana.— The gustatory organs always retain so 
simple a condition that they require no special mention. 

Aaditory Organs. — The so-called auditory organs of the in- 
vertebrate Metazoa aro very varied in origin and position, but, ex- 
cept in the case of a few Medusfe, they are all epibhistic strncturBs, 

Same of these organs sppeor to possess a tmly auditory fiinftion. Balfour liai 
iQggEati^d that iu soiiie caaea their futictiaii may he to enable t)ie nuimnls proviilcd 
with tbem to Jetect the proaance of other aniiuala in thuir neighbourhooiJ, tlinitigh 
tlie undulatory movements in the water caused by the snimmiag of the Intlar. Irt 
the etse of tho Ueduss. however, the vibrationa of waves reHuuted from the shore 
ud rocks would aUect these orgs us, and may possibly warn the Medusm of danger. 

Two forms of auditory organ are found amongst the Medusa), 
the first alone being purely epiblastic, and consisting of an open 
sac, which may be converted into a complete cup. These occur 
along the base of the velum in the Vesicuhite Hydromedusaa. Some 
of the cells form a concretion (otolith) within their walls, and 
others are sense-cells with auditory hairs, which lie close to the 
former (fig. 123. k, b). 

The second form is found in the Trachymedusse and Acraspeda, 
and consists of a modified tentacle, the terminal endodermal cells 
of which secrete otoliths, but the auditory hairs are solely ecto- 
dermal. The whole structure is usually more or less euclostd 
within a reduplicature of the ectoderm, sometimes forming a 
vesicle which entirely surrounds the auditory tentacle. In all 
cases the auditory cells of the Medusie are connected with the 
peripheral nerve-ring (fig. 123, u.n.r). 
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Paired otocjsts containing several otoliths, rarclj one, occur in GomQ Neraerteans, 
Nematodes, and a few AncflidB. rmcticallj' nothing ia knomi of their s: 
and their origin la bUo unknown ; this also applies to the unpaired otocyit of 
Planariaai. 

The otocysts of Mollusca develop as epiblastic pits (fig. 124) ' 
close to the proliferating areas which form the pedal ganglia. 
Very rarely they are at first solid. The pita are converted into 
rounded vesicles, from which a small ciliated canal (ductus Kollikeri) 
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often projects, this being the remnant of the tube which for a time 
connects the vesicle with the orifice of the primitive invagination. 
At first a single small concretion is secreted by one of the cells of 
the vesicle; this may increase ia size, and persist as a single otolith; 
in other cases it remains small, and a large number of minute con- 
cretions are added (Pteropods, Dentalium, Nautilus, most Gastero- 
pods). Harely the numerous otoliths fuse to form a single large one 
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(Paludina, Decapods). The interior of the vesicle is clothed with 
cilia; but in the specialised otocysts of Heteropods there is a 
patch of definite auditory cells (macula acustica), and a similar 
ridge (crista acustica) occurs in Decapods. The otocyst often 
sliifta its position anteriorly, and usually comes to be innervated 
from the cephalic ganglion. 

The Arthropoda never possess otocysts comparable with those 
of other Invertebrates. Unicellular hairs, or sette on various parts 
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of the body, especially on the aatennEe of Crustacea, are generally 
regarded as auditory; they are usually lodged within cuticular 
depressions. 

!□ the Cu-Uidis iShrinipa and Trawna) tlie BUilitory liaira usually ixvur on the bsanl 
jointi or the astennules and od tbo tail ; auditory pita maj occur at both enda of tlia 
body. In tile Schi/opoda a large otolith is preseat, nhich is aecretud hy the nalla 
of tbe asc, and is renewed after moult. The auditory sac ia aituatcd in the caudal 
•ndopodita. The auditory haira are restricted in Docapoda to the baaal joint of tlie 
■nteaunles; they are usually feathered, and often bent. Tha otocyst in these forms 
maytw widely open (PalinuroB), but the opening ianaunlly reduced to a narrow fnauro 
In Hippolyte the aac ia completely oloaad. Only in the Craba does the atocyal become 
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•t all c«mplieat«d. The otoUthi ore entirely foreign partidee, and appear to be fn- 

trodnecd by the animal itaetf. 

A rsToarkabIa aense organ, nnully stated to be amuatic, ia fonod in certaiii 

leupoda, and is aitoated either on th< thorax or at tlie bua of lb« le|[t. It conaiarta 

:Mientially of a aeriea ot nerre-fitira, each of which pa>a» into a neri'e.e?]), from 

'Which ariaea a multicellnlar elangst«d Ktmctare, nroally canUining ■ atiff rod. The 

Isiullimilular fibre it nnully sttacheil to a tympauuiu, cnpported by ■ cLitiuoiu ring. 

t\» whole itructure ia always ntoated over an air mc. 

In Appendicularia there ia a siogle otocyst od tlie left aiiU of tht gasglioti, eon. 

tting of a spherical aw: enelooBg a ■pbencal otolitli wblcb i« Mpportail bjr lUUtMt* 

Jaolkted hairSi In other pelagic Totiicate* then an two tymiottiicaUy plaoed ot«cy*ta i 

'fhair dere lopment ia not known. In fixed Aacidians an utolitb b dFCelopeil trom a 

call on the dmal and riglit nde of iIm brain. Diis <*I1 fnijeiia Into Iha 

■*n^ of tha brain, and its frae end i* lagnuntad. EventoaUy the cell bMOiuM 
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■tallced, and travels round the right aide o[ the brain nntO it reaches tha IQmmit 
oF a pntch of cylindrical soiisa- cells, tlie crista aciistica. Tha adult argHD thus 
consists of a crista aciiatica on the floor of the anterior region of the brain and pro- 
jecting into its caiity, ujion ivliich ia perched an oval otolith, the lon'er part of 
irbich is clear and refractive, while the upper half is pigmented. This is the onlj [ 
knoVFn exBicpIs of a cerebrul audilorj orgau.' 

The Organs of the Lateral Line.— Id Teleostei the sense 
organs of the lateral line appear lu segmental patches of simple 
sense-cells ; each area ia then invaginated to form a short groove, 
wldch partially closes over. The fusion of these channels forma ths 
canal of tlie lateral line, but numerous external openings are left 
The lateral line of Elasmobranchs is at first a solid cord oE cells. 
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hut this 13 probably an abbreviated process. In Chimfera the lateral 
line persists in the adult as an open groove. (See also p. 139.) 

The Vertebrate Ear.— The auditory organ of Vertebrates may 
possibly prove to be a highly speciahsed organ of the lateral line 
series. The auditory sac first appears as a shallow depression of 
the epiblast in the region of the posterior brain vesicle above 
the first (hyoid) visceral cleft (figs. 125, 126). It soon becomes a 
flask-shaped vesicle which is separated from the ekin, although in 
some Elasmobratichs the primitive opening to the exterior ia re- 
tained throughout life. 

The stalk of invagination persists as the aquedactus vestibuli, 
and its blind swollen distal extremity is the saccus eado-lym- 
phaticus or recessua vestibuli (figs. 126 and 127, r.v). 

The swollen portion of the primary auditory vesicle is modified 
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to form the utriculua and the semicircular canals, while a ventral 
diverticulum gives rise to the cochlea aud the sacculus hemi- 
sphericus. 

The rudiments of the anterior and posterior semicircular canals 
grow out from the lateral wall of the vesicle aa two flattened pro- 
cesses. Their central walla become applied together, ohliteraiirig 
the cavity, except at the circumference, and eventually the centre 
is absorbed, leaving two ring-like canals. The horizontal semi- 
circular canal ia developed somewhat later in a similar manner. 

The Cylostomi possess two imperfect vertical canals, which, 
with the utriculus, form a ring-shaped membranous labyrinth. All 
other Vertebrates have the three semicircular canals. 

The body of the primitive vesicle persists as the vestibule or 
utriculus. 
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The cochlea of Mammals higher than the Monotremes consists 
of a helicoid spiral tube, connected with the utriculus by a narrow 
canalis reuniens. It develops as a simple process fiom the inferior 
end of the auditory vesicle. The various stages in its development 
in the higher forms are permanently retained in the adults of 
various lower animals. 

The sacculus hemisphericus is a round vesicle which is evaginated 
from the base of the cochlea shortly after the appearance of the 
horizontal canal. A constriction opposite the mouth of the 
aqueductus causes the passage between the utriculns and the 
sacculus to diverge slightly up the aqueductus instead of pursuing 
a straight course {fig. 128). 

The simple epiblastic aural invagination becomes in this manner 
a complicated labyrinth. The sense-cells are restricted to certain 
tracts, and, with the exception of the organ of Corti, they retain a 
very simple character. The auditory hairs project into the ftiiid 
(endolymph) contained within the labyrinth. The otoliths or 
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otoconia are masses of carbonate of lime secreted by the liaing 
epithelium. 

The neighbouring mesoblast enters into relation with the audi- 
tory apparatus, the cells immediately surroundiug the labyrinth 
being converted into a connective tissue investment (the mem- 
branous labyrinth). The whole being protected by a cartilagin- 
ous, and, in most animals, a subsequently osseous capsule, which 
is known as the osseous labyrinth. The latter is undeveloped at 
one spot, the fenestra ovalis in Elasmobranchs, Amphibia, and 
higher animals. A second foramen occurs in Mammalia, the 
fenestra rotunda. 

Between tho menibranoas and osseous labyrinths imperfect Ijuph spacra an 
found in tho Suuropaiila -, tljeiie are well derelopec) in tho Mammalia. 

In tbe coclilea of the litter two longitudinal lymph -spnces ue formed, Um donsl of 




which (scak restibuU) communicates with the carltjr round ths msmbranom laby- 
riDth, and at the npex of the cochlea is continaoui with tho ventral apaee {icsl* tjm- 
pani). The Inttcr terminates blindlj' at the fenestra rotunda. The fluid contained 
within these Ijmph spaces is the perilymph. 

It mn«t not ba forgotten that the cnvilj (acals media or csnnlis cocblen) Ijing 
between the two scaht is tbe sensory portion of the cochlea, and is nlone lined hj 
epiblast, Tbe scalro and tba bony labyrinth are protective straclures. 

In most Fish tbe labyrinth or internal car is more or less enclosed within the eat 
capsule, and is quite cut olT from the outer world, the sound vibiationi pu*iug 
through the skull to the ear. Bat in some Teleosts tbe fenestra ovalis or its equiva- 
lent is in connection with the air-blodiler through the intervention of a chain of 
ossicles (tj., Cyprinoids and Siluroids). (Soo p. i8i.} 

Howes calla attention to a fenestra in tbe roof of the chondrocranium of many 
£lasmobranchs situated behind tbe orifice of the squeductos vestibuli, the covering 
of which evidently functions as a tympanic membrane. 

The hypohlastic diverticulum of the pharj-nx, which forms the 
hyoid cleft of Fishes (see p. 178), may acquire an external opening 
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in SOEoe Amphibia which soon closes over. In all higher Verte- 
brates it persists aa a blind recess, the Eustachian tube, dilating 
distally into a chamber (tympanic cavity) which partially sur- 
rounds the utriculus, 

Tlie external auditory meatua correspoiiJs to the lower eaetion of the outer or 
Epiblulic portion of tlie origiiinl hyoid cleft. Tlie meatus is fonned principallj, if 
not entirel]', by tbe growth of the BurronndiDg tissue in such a mautier aa to leave 
■ deep tube. A pit (Hunt's depression), conespontling to the upper sectioa of the 
deft, soon disappears. The external ear, couuba or auricle, appears early (i" the Fi|;) 
■a a nuall triangular flap arising from the anterior border of the hyoid arch opposite 
the meataa ; it corrcaponds in position with the operculum of Fislies. 

The tympanum in Mauiinuls is at hrst a TerLical thick wall of tissue separatinK 
tbe Eoatachian tube from the shallow external depression, much aa in Ampliibia, 
By tbe sobsequent extension of the two tubes the tympanum is reduced to a thin 
membrane, snd is attuBted in a plane perpendicular (instead of parallel) to the 
lorlace oF tbe head. The outer epithelium of the tympanum is dearly of epihUatic 
origin, vhilo the inner epithelium is bypoblaatic. 

There is in Amphibia and Sauropsida a bony rod, the columella 
auris, extending from the fenestra ovalis to the tympanum. The 
greater portion, according to Parker, is a dismembered section of 
the hyoid arch ; the base (stapes) being a plug of cartilage severed 
from the auditory capsule. 

A chain of three ossicles, the stapes, incus and mnlleus. connects 
the tympanum with the fenestra ovalis in Mammals ; the first of 
these is homologous with the Reptilian stapes, but there has been 
a good deal of discussion concerning the nature of the last two 
bones. Huxley and Parker's original view was, that the incua is 
the proximal portion of the hyoid arch and the malleus is the 
arrested quadrate ; the processus gracilis of the malleus represent- 
ing tbe primitive continuation into Meckel's cartilage. The current 
view in Germany is that both the incus and the malleus belong to 
the mandibular arch (in which case the former might represent 
the quadrate and the latter the articular element of the lower 
jaw). Tills homology, which was independently arrived at by 
Salensky and Fraser, now receives Parker's unqualified support. 
According to Reichert, the stapes is part of tlie hyoid arch, but 
Salensky and Fraser hold that it arises from a mesoblastic blastema 
*liich surrounds the mandibular artery, hence the perforation of 
tbe stapes. 

Albrecbt maintains however, that the quadrate cannot form part of the chain of 
auditory ossicles of Mammalia, and that tbe zygomatic portion of the aquamowl ia 
the bomologiie of the quadrate of Sauropsida. DuUo supports this con clusinn, and odds 
Uiat he baa found an etenient i[i Lacertilia which he honjologiaes with the malleua c~ 
Hamiualia. He slightly modifies Albrecbt's scries of humolo^ea in tbe (ullowin 
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romnner. Tlie afuiplectic + hyomuidibulu of Tcl«asla or the tmpeiworliun of FlihM 
eeDerall)' eijunli the columella of Urodelei and the four uwid«i of Anan. Tbrnm, 
i^ain, are fquivolent to the molleui + columella of Sauropsiiia and the mallani + 
iiwui + DB leuticulaiu + atapet of Mammalia. 

Visual Organs. — The more or less definite appreciation of those 
vibrations of ether wliich result in the sensation of sight is a 
faculty which is readily acquired by the outer cells of the body, 
hence what are termed eyes have appeared perfectly independently 
in numerous groupa of the animal kingdom. Even in the same 
order of animals eyes of quite dissimilar morphological value may 
occur, as, for example, the eyes in the shells of certain Chitons 
[Moaeley], on the back of Onchidium [Semper], on the edge of 
ihe mantle, and on tho siphon of numerous Lamellibrauchs ; but 
it is almost certain that the cephalic eyes of the Odontophora, 
when present, including even the transient eyes of larval Chitons, 
are homologous all through the group. 

It is probable that the power of distinguishing light from dark- 
ness is a primary characteristic of protoplasm ; if this be ao, it 
would necessarily be readily retained by epiblastic cells, especially 
if pigment is present. Semper has suggested that a simple rounded 
tubercle covered with a transparent cuticle, or a mere local thick- 
ening of the cuticle, would serve to concentrate rays of radiant 
energy and would stimulate the adjacent cells ; but eyes appear 
to have been derived from the much more elementary condition of 
a small patch of pigmented epithelinm. From such a simple 
beginning almost any kind of eye can be derived without special 
dilliculty. 

Eyes of Invertebrates.— Eyes consisting of but slightly modi- 
fied epittieliid cells covered by a thickened cuticle occur in neariy 
all the lower Metazoa. It is characteristic of the eyes of tba 
Invertebrates that the light falls directly on the sensory (retinal) 
cells, their inferior extremities being connected with nerve-fibrils 
which transmit the stimulus to the nerve centres. The donal eyes 
of Onchidium and the pallial eyes of Pecten and Spondylua offer 
a remarkable excejttion to this rule, as in these Molluscs the rays 
of light, after passing through the cornea and lens, have to pene- 
trate a layer of nerve-fibres before impinging upon the sense-cells. 
I'lttten has sliown tliat in Pecten this is due to the primitive optic 
cup being converted into a vesicle, of which the lower (inner) wall 
liecomes aborted, the retina being formed of the upper (outer) wall. 
The sensory surface of the latter would necessarily bo iuterual to 
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le cup, and the nerve layer extenml. The same general arrange- 
leiit also occurs io the eye of the Chordata. 
The siinpleat eyes iii the Arthropoda are those of the larvre of 
Ttain Insects; in these the hypodermia forma a slight depression 
129), the lowermost cells of which form the retina, and are 
mnected with the fihres of the optic nerve ; a biconvex thicken- 
ing of the cuticle forms the lens. 

l^nkester, worUng on the lines of Grfnstlier, Ims suggested tha following staRes 

ittvoiatioD u occurring in the Artiirnpod eye : — 
Insteid of rcuiaiuiug distinct (noD-Tettiiutale), tlie retinal cells may bo aggregated 

|^«tb«r to form what is termed a rutiuato, as iu the lateral eyes of Scorpions and 

tlmuliu, and the eyes of Myriajioda. 
A higher stage of (liHerentiation (Consists in tlio divibion of the retinal Fells into an 
An vitreus and an iuner retinal layer. These donble-lsyered eyes (diplosCiclious, as 
iposed to the above -ujentioned single -ley ered or mouostiehous eyes) may either be 

Dinpoaed of separate mils (noD*retiuulBte), as iti tiie dorsal eyes of Spiders and tha 

Imple eyes of adult Insects, or the sensory cells mny be groupi'd into retioula^. 
The letiuulate dt]ilostichoua eyes may either be i>rorided with a single lens 




in the central eyes uf Scorpions and Limnlns, or 
di tided into a number of lenses or facets (iiolyineiiiscDas), as in the compound 
g* oflnsecta and Crustacea. 
It secnu that a non-retinulnto eye cannot bepolyineniicous. aineetheaegregation of 
tSnnhe 1* the developmentaJ antecedent of the segregation at the Ii:ns. Hence we 
Wf have monostichnua polymeniacous eyes (lateral eyea of Limulua) as well as diplo. 
bhmia potymeniacoua eyea, but all non-retinulate eyes are moDameniscUs. Thecoln- 
nnd (polymeniscus) eye is formed, not by the gradual cuncrencenoe of a number of 
nplB ejoa, but by the segregation of the elementa of a aimple eye, which affecte first 
M retina and then the lens. 

All then structures are modilications of the epiblsst. 

It is stated thst in Astacus the corneal lenses and the crystalline cones are directly 

Iraloped from tlie epiblaat of the optic pit which very early makes its appeirance on 

ptoeephalic lobes of the embryo ; while the retinulta with their rhabdoms, 

itb«Twith the optic ganglion and nerve, are developed from the cephalic ganglion. 

, itwiU be TBQiembered, the latter also arises from a proliferation of the epiblast 

he same area. The pigment is stated to tie derived from neighbouring mesoblast 

Uli, bat the visual pigment is probably epiblastic 

Patten believes tha development of the Decapod eye to be as follows : — The cephalic 

rheliam (hypodermis) gives rise, by cell proliferation, to two layers — an inner one, 
brain ; and an outer one, the permanent epidermis. That part of the brain aruing 
tlie Mat of the future eye gives tiso to the optic gauglion, which ii never entirely 
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wpanUd rrom tlie leat of its origin. That part of tbe epiilermil from vbicli Ih* 

optic gangliou origiuated agsin tliit-keTis gnd ilividcs into two byorm, an outer 
corneal hypoJeriuia and an inner oiumatenl layer, consUtisg o[ ntiuopliura) *ut- 
rounded by their circles of wtiniila iii«e p. 156). 

Kiogiley baa very recently found ttat in CianKoa, tlie oephalie pita, wbicb Rekhrn- 
bach [omierly belioved to be ooncorned in tbe duveloiiucnt uf the OFphalin gini;liA, 
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■re tli« radlioenti of ths eyca. Each optic pit i« converted into a Tcaiela which dnki 
below tho epidormi* Tile oater portion of the optic Tcaide develop* into tho retina, 
while tha lonet portioo forma the gangUunic layer. Later meaublutic Cclta mignU 
between the retina and the gaoijlioniu layer ; tboie mbaeqacDtly becutne pigmented. 
Nsrtes grow from the ganglionic layers into the retinal utementi. Tb^eye* ara lailjr 
cuaoected with the cephalic ganglia at about the time of hatching, 
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.According to Fntten, tho primitive optic pit (fig. 129) is convex 
into an opUc vesicle (fig. 1 30), the anterior wall of which atrophies, 
wiiile the posterior is greatly thickened to form the retina. This 
view difTers fundamentally from Grenacher'a. 

The cephalic eyes of the Mollusca arise as a single pit of the 
epiblast from the area from wliich tlie cephalic ganglia proliferate, 
and at the base of the tentacles (fig. 131,4). 
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Fraisse first demonstrated that the eyes of the Limpet (Patellu) 
never advance beyond this stage of development (fig. 132), and 
that Haliotis is intermediate between this larval eye and the eyea 
ofsuch Gasteropoda na Fissurella (fig. 133, c) or Helix (fig. 133, b). 

In the last two forms, as in most other Odontophora, the em- 
bryonic pit is converted into a vesicle, the inner wall of which 
constitutes the retina. The lens is a cuticular deposit. The 
outer wall of the vesicle, together with the overlying epidermis, 
form the cornea. The eyes of Chietopoda and Peripatus are very 
similar to this. 

The stalked eyes of the Nautilus (fig. 1 33, a) always persist as 




a simple optic pit, although considerable diSerentiation occurs in 
the retinal cells, 

Tha moit complex type of eje occurring amongst tho Invertebrats a fonnd 
in the DibrsDFhiatD Ceplmlopoiin. Is tlieie farms the two Htages just mentioned bth 
puwd through, bnt & second unaller Ions is secreted by the corneal epibUst 
immediatelj in front of the former, and an uinular pigmented fold of skin (fig. 13;) 
which dovelopa round ths front of the ejcLiitll functions as an iris. Later a circular 
fold SDlraunds the eye ; it may either grow completely over, or leave a smaller or 
Urger central aperture. This fold becomes transparent and fonns ■ secondary cornea ; 
the ipace between it and the lens ia known us tho anterior optic clianibor. An eye- 
lid la usually superndded. The secondary cornea pasaes below into a tongh meso- 
blastic sheath or " sclerotic," which is further protected oitemally by a cartiUginans 
eapsule, The optic cavity is bounded behind by the several Isyerod retina, and in 
front by the leni ; a ciliary body is developed where the retina joins the leiu. Tha 
outer wall of the eyeball contained within the anterior optie chamber is aometimea 
termed thecbDroiJ. 
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The complexity of this tjpe oCeja is mewly Iho result of ■ccondar^r fold* of ths 
externa] skin (iris, cornea, oyoliii), moro or less enoloring tliB typio*! Hollnun 
eye. Tlie whits boJy is e problonistical strocture which is litusted >t the nil* of 
tbeoplic ganglioD (Be« p. 114). Although the eya of these Cephalapoda ittinxvly 
siniulal«B that of Vertebrates, there U a, prorouod morpbologic&l diwi ini lirit]'. wliicli 
ia readily apparent vhcn their devclopiiienl is eompaiud together. 
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The nature and evolution of eyes of cortRiii Invertebntw hai moat rcMttlly hms^ 
studied by Patten ; bis views briefly are that the atructnral clement (ommatidinm) 
of all eyes eonitsta of from tno to four colonrlesi cells [ratioophonc) ■orronndvd by a 
circle of pigtnonted ones (retinulie). The external cnticle coniieta of tiro laytra, an 
outer atruotureleu one (conical cutifula), lud an inner layer (ntinidial cuticola). 
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iilled with the retia termiiialia or ultimate niniilicatioiii of the hypodennia nervaa. 
The cnticular Becretion of each cell fonns a rod coulaiuing a specialiMd part of the 
telia lenniDslia (retiniilium). 

In the more specialised onunatidia the rods of the retinula diaappear, learing the 
donbh>(ei. Molluscs, Worms) {iig. IJ4) or quadruple (cryitalUiie com of Arthrop>' 
(tig- 130) rudioftho rctiuophone. 
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The (ppoBed iralU of the rollDopham iliaappeir to b greater or leis extent, to tliit 
Sbrea between the cella came to lie in the centre of the group, and con- 
the BxioJ nerve (iig. 134, <tz.n). 
According to Fatten, tUe a|iidi;miia of UoUnece consists mainly of coliimn&r celti, 
the inferior eipaneions of which form tlie basal membraue. The cuticle secreted by 
cella consista of two layers, an outer conical lajer (Hg. 134, r.c) and an inner 
retinidial layer (r.e). The nerye-fibres of tlio skin ramify into an eilremoly delicate 
fibrillar netirork on the upper portion of tlieae cclla, and into the lower (retinidial) 
layer of their correaponding cuticiilar areas or rodsifig. 134. n.f). An eye is initiated 
by the appearance of (rtMi) pigment in one or mora of these cells, the red pigment 
(ommerythrine) being peculiarly seDsltive to light vibrations. An ojitic element or 
ommatidiam consista of a group of such pigmented cells (retinulte) round one oc 
mora colourless nervous cells (retinophorc). Although at first all the cells of an 
Dmmfttidinm are aensitive, the retinophom persists as the truly sensitive cells, while 
the retinnla take on secondary functions. It must be distinctly understood that 
Patten alone is responsible for the above candusioDB. 

lAtikeater draws attentiuii tu the fuct that " it is difficult to make out what pre- 
cisely is the utiutioD mod the limit of the pigment in all Arthropod eyes." Pigment 
granules are often very freuly developed in the prutoplasm ol the ordinary hypodermia 
(epidermis) cells and of tbe indifferent cells (both perineural and inl«meural) of the 
ommateum. Should the nerve-end celU be pigmented, the pigment granuJea ore con- 
Sued to the surface of tbe cell, leaving the uua traoiparent. 

" The relation of pigment to the optical apparatus cannot be said to be at preient 
properly understood. It ia perfectly certain that in some eyes, and possibly in mil, 
pigment does not play a primary part in the physiolc^cal process aet going by light. 
Xjght acta with full effect upon transparent prutiiplaam, and no pigment ia necessary, 
converting the energy of light into the energy of heat, in order that the protoplasm 
of cells ma; constitute an apparatus tenaitive to light. The function of pigment in 
an eye Is a secondar; one, ae we learn from the sight of albino varieties. What pre- 
cisely the signilivauce of pigment may be in relation to the cetla in which the optia 
nerve ends, ia not yet a^^eed upon by phyaiuluginta." 

Eyes of Vertebrates, — Tbe eyes of the Vertebrata are of a com- 
jound nature, part being developed from the brain and part 
irotn tbe enter skin of the head ; both these elements are tbere- 
iore of epiblastic origin, and tbey are protected by mesodermal 
structures. 

The first rudiment of the eye to appear is a pair of diverticula, 
■which bud out from the sides of the anterior cerebral vesicle 
(tigs. 106, aU, and 1 10, mes), and which are known as tbe primary, 
optic vesicles. Tbey usually arise as soon as the primitive brain 
shows traces of serial dilatations (cerebral vesicles) ; but in some 
Mammals, at all events, the optic vesicles are recognisable before 
the cerebral neural groove is converted into a canaL 

The optic vesicles at first have a wide opening into the brain, 
but they ate soon partially constricted off, and their narrowing 
stalks will develop into the optic nerve. The constriction which 
separates the optic vesicle from tbe b,ain extends from above and 
from the front, so that the stalk of the vesicle is situated at tbe 
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base of the brain, and arises from the posterior region (tliBl&mea- 
cephalon) of the anterior cerebral vesicle. 

The external wall of the optic vesicle invaginates until it ] 
completely iuverteti (fig. 135), recalliug the manner Ja which | 
blastula is typically converted into a gastrula. 

The epiblosc of the head, which lies immediately external to the 
optic veaicles, becomes columnar, and invaginates as a rounded 
vesicle at tlie same time that the optic vesicle is introverted. The 
eac thus formed is the rudiment of the lens (fig. 112), Aj 
becomes constricted off, the outer skin again becomes contiuuoi 
and is eventually transformed into the cornea. 
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Tlie eye at this stage consists of a stalked double-layered cup, 
containing a hollow sphere, and bounded externally by the skia 
(figs. 112, 135A). The cavity within which the lens lies is known 
«s the secondary optic vesicle, or, more correctly, as the optic cup. 
The lens does not grow so rapidly as the optic cup, and con- 
sequently is soon relatively much smaller, and conies to be 
embraced by the rim of the mouth of the cup (figs. 135. c, 136). 

The various elements of the eye will now be described separately, 
but previously certain points concerning tlie mode of the invagina- 
tion of the optic vesicle require consideration. 

The invagination does not occur solely on the outer face of tl 
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optic vesicle, but also, in a linear manner, along its ventral line. 
The cup thus has a wide mouth, plugged by the rudiment of the 
lens, and a ventral slit (choroidal fissure) which opens into the 
cavity of the eyeball (fig. 136, ch.f). 

To again borrow a simile, the orifice of invagination of the optic 
cap may be said to resemble a linear blastopore with an anterior 
enlargement The latter persists, but the former ultimately be- 
comes closed. 

It 13 at present an open question how far the invagination to 
form the optic cup is primitively the result of tlie pressure of tlie 
lens. 
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From the first, the inner or anterior layer of the optic cup is 
thicker than the outer or posterior, and it becomes increasingly 
Eo. The former is tlie rudiineut of the retina, while the latter 
persists as the pigment layer within which the retinal rods are 
imbedded (the so-calied pigmented epithelium of tlie choroid) 
(figs. I37,M; 138.?)- 

The retina soon becomes several cells deep, but it is probable 
that for some time, at least, each cell extends throughout its whole 
thickness. The histogenesis of the retina is still obscure. It how- 
ever appears to be unquestionable that the layer of rods and cones 
is developed from the epithelial layer of the central nervous system 
(fig, 139) ; and that the main portion of the retina, with its nerve- 
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fibres and nuclear layers, together with the inner (anterior) layer 
of nerve-fibres and nerve-cells, is formed from the more specially 
nervous portion of the cerebral epiblast. 

The optic nerve is, as has already been stated, derived from tha 
stalk of evagination of the optic vesicle. The reduction of thft 
cavity of the canal by the thickening of its internal walls t 
place centripetally, ie., from the- eye to the brain. 
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While the optic stalk is still partially open, fibres appear in ili 
proximal portion, some of whicli pass over into the root of the 
other, and thus initiate the optic chiasma. The nerve-fibres later 
extend along the optic stallc. 

The optic nerve is at first continuons with both layers of the 
optic cup (fig. 136), but in process of lime the connection with 
the outer or pigment layer is lost. 
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strap-ehapeil and acquire their final dispositioQ (6g. 1 38). 
time is the wall of the lens more than one cell deep. 

The lens capsule is a cutlcular membrane probably secreted hy 
the epithelial cells of the lens. 

The vitreous humour appears to be derived from a fluid tmnsu- 
dation from the vascular ingrowth, which enters the retinal cbaii)> 
ber through the choroidal fissui-e. In some cases a few embryonic 
mesoblast cells occur. 

The anterior epithelium of the cornea is formed by the growing 
together of the epiblast after the formation of the lens. Its 
deeper or proper substance is of mesoblastic origin, and ia derived 
from an ingrowth of the neighbouring mesoblast. A similar but 
shorter inferior fold constitutes the iris. The mesoblast celU of 
the incipient cornea occupy a space which lies between the epi- 
thelium of the cornea and a flattened epithelium (membrane of 
Descemet), which is also of mesobUstic origin. 

The aqueous humour is a watery fluid which occupies the cavity 
between the lens and the cornea. 

Eyelids arc developed as simple folds of the akin ; their inner 
surface is lined by a mucous membrane, the conjunctiva, which 
also covers part of the sclerotic and the exposed surface of the 
cornea. There may be three eyelids, a dorsal, a ventral, and an 
anterior, the nictitating membrane, arising from the inner angle of 
the eye. 

The eyelids are rudimentary or absent in Fishes, except in soma 
Elasmohranchs. All three eyelids are present in most Amphibia 
and Sauropsida, but the nictitating membrane is rudimentary in 
Mammals. 

In many Mammals the two eyelids meet together and unite 
during a period of embryonic life. A similar oonditioD is per- 
manent throughout life in Snakes and some Lisards, the lachrymal 
ducts opening into the space thus formed between the fused Uda 
and the cornea. 

Lachrymal glands occur in the Araniota. Their character varies 
greatly in the different groups, but they always arise aa ec^d 
ingrowths of the conjunctiva. 

The sclerotic and choroid coats of the eye are protective enve- 
lopes developed from the mesoblast. 

Epipbysial Eye. — The possession of a rudimentary median eye, 
lodged in the parietal foramen and developed from the pineal gland, 
in several Lizards has already been alluded to (p. 129). The lens 
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ot this eye is a direct derivative of the optic cup, and what light 
reaches it impinges directly ou the retina without first penetrating 
through the retinal layer of the fibres of the optic nerve (fig. 
138", d). Thus, as in the Pectinids and Oncbidiiim, certain 
Jnveitebrates have accessory eyea constructed 011 the vertebrate 
plan, so some Lacertilia amongst the Vertebrates possess a typically 
invertebrate unpaired eye. A radical distinction between the 
pineal eye of Lizards and the eyes of Invertebrates consists in the 
Cad that the essential constituents (retina and lens) of the former 
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are entirely differentiated from a diverticulum of the brain (fig. 
1 38", c-e), whereas in the latter they are invariably epidermal 
structures. 



EjrptttbBtinl ETOlntion of the Vertebnta Zj*. — Tlie fact that ths optic tnip h 
ile*clop«d from tliu nutarior bmin rvaicJo it at Bnt light very ([lomalouA The 
fullowing coDudsrRtiaiia, lioireTer, maj tsnd to throw some liglit apon it. 

It will be rsiuemlierad that an inceatral ronn oT the Chordata wna auumed (p. 76) 
In poiaeaa ■ nervoui lyalcm but little diflerentiatsd txonx the epiblut extending 
along the primitive oral aspect of the body, uid expanding in front of the montL 
Upon thii tcgiou ■ pair of cuplike eyea was aoppawd to bt aituated, the eyea hifing 
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esBenttallylhenina structure uin Fntella (fig. 139). Tliii conditjon u 
fa.][y reprsBentcd in &g. 139, a, b, tlie UtUr boiug ■ Bujipoud tntuvena Metiaa 
through the pre-oral region of a. It irill 1w Ken thit the oye-pits an MiUMted 
irith tha pre-arsl oeural epiblut, much id ths aatna tnaiin«r as tba ejv-pils of 
UoltUBO (Kg. 131) are deTelop«<I iu Ltuiueuticn with the jiToIiretatioiis which form 
the cephalic ganglia (fig. 96, e^). 

The inToliition of the nerrans area to fonn the neural canal alio Implicated th* 
optic |ntg (fig. 139, o), Since thii ligure was drawn, Heape haa ihown tliat in th« 
Uole the optic Tciiclea appear oa depreaaiona of tha cephalic neural plate DreB liafare 
the noaral groove is estnbliahed. Ueape figures « lection wlilcb very eloeelj rearaiUn 
the diagram given in c, fig. 139, On the cloiure of the neural tube the pita wonld 
appear at veaiclea (optic vesicles) opening into the anterior cephalic enUrgvmeaL 

A local thickening of the overlying lateral epiblut to form ■ leiu might be a 
mechanical cause for the invagination of the optic vesicle to form the optic or n- 
tinal cup. Every «Dh8ei|uent stage of evolution, being an optical improvetnaut, 
could be amounted for once the retinal cup nas eslabliahed. 

Fig. 139 alwi iUnitmles that the visual aeBse-cells (rods and conea) are ilerived 
ft«m the epithelial layer of the central nervous sytitcui, in olher words, fiom tto 




extemnl epdbhutic epitbelinm : that is to any, from predaely the Mme Iaj«r which 
givaa riae to the ainii1[U' e1ein«nla in Invert* bra tea. The deeper or nertooa layer of 
the epibla«t i> conrerried in the formation of the layer of narve-GbR« and nerre-celU 
of tha rttiiia. 

The tnnaparenry of the body of the primilive Chordata, aaanmed bj I^nktstcr. 
would enable light to reach the optic pits, although tlie latter were ailnatcd within 
the bimin. Bat aa the animal became more opiuiuc, it may be ssaamed that the 
vimial apparatua (optic reucles) would grow out towards the sidea of the head throagfa 
which most light would penetrate. The lens is clearly a aacondary ftmciute. On 
this hypoliieAis the eye c«uld he functional whilHt it wns imdcrgoing thia oniijiM 
melaniorpliosia, 

OfaaatTstidd* on tho ETolntlon ot th« Nnroiu Syat«m and Bcna* OlpaUk— 
The origin of the nervous system and sense organs from the epiblaai ia on* el 
the best attested of enibiyological discoveries, and from the foregoing brief accMiU 
they would appear to be nnivetaally «o derived. The only general atatanxiit, hov' 
ever, that cui be made is that nerve and sense cells have arisen in rMpoDM (• > 
atimnlna, or, more contctly, aa the result of a stiniulos. 
. Ai ■ matter qf bet, ineh B stimoliu would most readily and freqiwntlj « 
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the Riterior of ths bixtj, aoi therefore npon c|nblist!c tiuue ; henc« ttis •Imoit 
nniveml origin of these structurea from that layer ; but theia are a few excep- 
tions which are of considerablo interest. 

Tfae brotli«rs Hertwig have demonstrated that in odditioti to the difTiued ecto- 
dermal nerrouB system present in the Actinia, there ia a distinct layer of nerve Gbree 
and cells, and in some cases of sense-cells, which can only be derived from tlip 
Bndoderm. The oecamnce of the latter may possibly receive an eiplaDBtina from 
the fact that the raeseutene chambers open widely into the digesdve cavity of the 
body in these animals. Aathe ivide mouth and iesopha)^is are so generally open, there 
is really considerable facility for stimuli, such as vibrations in the external medium, 
to act upon the internal tissues. In both cases, therefore, the difTerentiation occurs 
in tissues directly exposed to the aurrDUoding medium. 

Quite recently Huhrecht has discovered that the nervous system, i.e., the bmin 
and lateral nerve cords of the Nemertesn Worm Lineus obscurus are derived from thn 
roesenchyiue. Certain of these wandering cells (mawmoaboids) sjiply themselves ti. 
the interior of the body-wall in dsGnite areas, and there diflerentinte into the nervoiii 
system of the adult. The mesenchyme has a double origin, being partly derived 
from the efublast and partly from the hypoblast (fig. 49I. Although direct proof is 
not attainable, it is fair to assume that the nervous system is developed out of the 
epiblastic rather than from the hypoblastie mesenchyme. If this be the cose, it is 
probably another example of " precodoua segregation." 

As has been already mentioned (p. 1 14), Bobretilty states that the nervous syalem 
of the Prosobranch Gasteropod Fuaus is derived from the mesoblast, and that the 
wandering cells apply themselves to certain areas of the epiblast, as in the case of Linens, 
but in all the other Gasteropods which have been examined, und even in the sUied 
farms of Purpura (fig. 96) and Murci, the nerve centres hare an epiblastic origin- 
BohrebJcy'a statement must therefore be received with caution. The same applies 
to Fol's acconnt of the origin of the podii ganglia from the mesoblast of the foot of 
I.imax, while the cephalic ganglia are developed from the epibiast of the velum. 

Lastly, the oripn of the sense-cells and nerve -ceils of Sponges, which have been 
described by Stewart, Von Lendenleld, and Sollos. is still somewhat uncertaln- 
Tliey have been stated to be mesodermal (mesenchyme) elements, from the fact that 
lbs eclodenn of Sponges always occurs as a delicate flattened epithelium and never 
(■hibils nuy transitional atogea into sense-cells, in this nspect oSering a marked 
contrast to that of Cielenterates. Whereaa the position and appearance of the nerve 
aud senie-celU irresistibly suggest ■ mesodermal origin. 

One important point should not be lost sight of in these considerations. It is 
that protoplasm from its very nature is what has been termed " irritable," that la to 
lay, it ruponds to stimuli. This irriuWlity is inherent to all cells, and iai>bably is 
nvver lost while the cell lives ; certain cells have this fuuclion greatly developed, 
while in others it ia more or loss diminished. It ia probable that stimuli may readily 
[•sss from one cell to another iu most tissues, as animal i«1Ib are usually in close 
contiguity when not in actnal continuity. In many adult animals, and usually in 
embryos, different tissues may be connected together by branched mesobiastic cells 
(indiflerent connective tissue), which may also be amosboid. If these latter celts 
n their irrilability, there is probably nothing to prevent their transmitting as 



well as receiving stimuli. They may thus serve as incipient i 



e-Gbrcs ; and it ia 



further possible that this function may be sufficiently pronounced to cause the for- 
mation of a definite nervous tissue which is purely mesobiastic in origin. This 
Mcondary nervous system might lie developed in adults as well aa in embryos. The 
obwrvations of Von Lendenfeld on Sponges tend to support this hypothesia 

From numerous researehes on the nervous ayatem of the lower Metazoa, it is not 
diffl«ult to trace the stages by which ectodarmic (epiblastic) cells are gradually 
modined into nerve-cella. 
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In the primitire MEtsioon tnoit of the extemil cells of the body wen pnWbhr 
ciliated, ind had very limilir fitoFtiona. In proeen of time certun mIU weald 
grailuilly acquire a greater degree of eennitiveneu, while othei* would becotn* man 
proteotive io function. If, for instance, a cilium<like prolon^tian of a coll Isat ila 
power of coDtnctility and became rigid, it wciuld then, la a tnechaaical nnwaty, 
-ribrata in reaponia to the vibrations of the aiuroiiDding mediuni. Tfaeit induced 
vibrations would set u itimuli to the cell and excite a inanifeaCation of imtabilitir, 
wliieb might expand itaelf in vsriooa waya. Moat BenBe-cellB are constnicted on 
this plan ; tbey are, in iact, epidenonl cells with a atilT projecting hair or lod'Uke 
process, and are inferiorly coatinDoui with other cells. 

Chatin has recently found tbst all iutemiediale stages can be foimd between the 
Budilory rods and cilintod calls of the auditory epilbelium of the Ubyrinlh in 
Batnchia. 

It is now demonstrated that tbt cells of the tissues of the Ceelenterata are coH' 
nectsd with each other bj maani of very delioate, naualty branching, root-like pio- 
cassea, which lorvo for tlie coatraction and general co-ordination of the parta or 
whole of the organism or colony. The «enae-«elhi form no eiception, and is ■hum of 
them the upper sensory portion appears to be gradually becuniiug anialler, while the 
Inner jrartion, which contains the nucleus, ia swollen {&g, 1 19, c, ol. As the auclan* 
ia mainly the centre of the activity of tbe cell, it may be aaeumed that in tbaae oella 
general irritability ia preponderating over special senaibilitj, and that it only needs 
a slight further specialisation to conititnta a cell wholly given over to irritability ; 
in olher words, a nerve-cell. Tbe laun process also occurs in tbe akin of lloUnara. 
In tig. 134, a, b, e, d, diagrmmmstically represent tiie grailual trausroratatioli of a 
aansa-celt, a, into a multipolar narve-cell, g. 

The nerve-cell retains connection with the neighbouring c«tls by its root-like 
processes, and thus may be united with a aense-cell on Ibe one hand, and with a 
glandular or muscular cell on the other. By this double connectiom the narre-cell 
may receive a stimulus from a sense-cell, and by the excitation of its own initability 
may transmit the stimulua in an iotenaiGed form to tbe distal cell, and tbs Utter 
will be stimulated to perform its special function. 

The foundation of a distinct nervous system wilt tbna be laid, and tba mtlltipUM> 
tion and localisation of senae-cella and aene'Calla has probably bMnffliKlad la a 
laii^ extent independently in tbe different groups. 

This suggestion concerning the evolution of the nervous system seems to bt 
warranted from a consideration of tbe histology of adnit Ckelenteratea (lig. 1 19) »nA 
Moilascs (6g. 134) : but even if it be a correct interpretation of tlie [art* in the** 
gronpa, it is poaaibls that in other forms tbe history msy be somewhat diOnvst. 
For example, nerve-cells may origtnste by tha division of certain epideroal celh) nto 
an outer protective portion and an inner mors irritable or nertoas mnety. tlie 
latter always retaining connection with the formar by means of protaplaautie 

la tbe embryos of tbe lower Cbordala tha spiblaat primitively consists of a single 
layer ; in Amphioiua alone is this condition retained in the adnlL In the Urodela 
Amphibia tbe epiblasl ia lingls layered till the completion of tha gastnila atap; Int 
u the Anora tbe epiblaat ia several taye» thick in tbe bloMula atsga. 

In all cases tha distinctly nervous alemsnts of tbe centra] nerroiu ^aton and 
sense organs is brtned entirely from tlw deeper layer of tha epibhut. Thus tk«rs la 
in Ibe Anurasnd some other grunpa. Ganoid* and Teteosts, sn early aepantimi «f tha 
epiblaat into tha epithelial and tha mucous or uernnia layer. 

Spencer baa recently stated Ihst the segmental nerves and ganglia iu Um Fraf 
arise u< tUu by a local peraiMence of this deeper layer : tliua there is, a* be poenta 
out, in Amphibia a primitive nervous sheath to the body, the nervous ttw^l* b«iaK 
local retentions of tliii diffused nervous system. Later atill Uiaaea J' ' 
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Sheldon, from their studies on the Newt and Frog, snpport the generslly received 
riew of tlic outgrowth of the nerreB from the neural ridjfB. 

In this connection it u interestiug to notice that Bateson hu shown that in 
BalanaglosanB (the lowest known member of the Choidate series) the ceutral uervons 
iptem ariiM ss a dotuniniitioti of ■ solid cord of epiblast in the dorsal middle line of 
the middle third of the body of the embryo ; this, by invagination of its two ends, is 
■risnrards extended as a tuba in both dicoctiona. Other collections of nerve-fibres are 
•Fterwards deposited in various parU of the body, and finally a general network of 
nerve-fibres occurs on the under surface of tlie skin of the body, cBpeclally in the 
lins oF the gill-alits. The tail-like proceaaes of the epiblut cells mn into the different 
soperSdal nervous tissue, and many fibres pass into the lubjaoent mesoblaetic tiasues. 
The SbrBB entering this nerve -aubatince on ita outer aide are plainly aensory, or at 
all events kfTerent, and the fibres paaaing from it on its inner side are preaiunably 
EDotor, or at least efferent, seeing that they innervate the mesobliut. 

" It is clear, then (as Bateaon points nut), that on the separation from the akin □[ 
a cord thus composed the relations of the eSerent fibres will not be changed, as they 
atill remain in contact with the meaoblaat. But, on the other hand, il this nerve- 
oord be entirely separated from the akin, the supply of outer or afferent fibres is cut 
oS from it, onless cords of epiblaat remain to connect It with the skin. Applying 
thii reasontng to the particnUr case of the separation of the dorsal cord, «« sec that 
the kfferent fibres ore entering it on its dorsal aide, and that the efferent fibres ate 
leaving it on its ventral side. If tlie nervoua syatem arose in thia way, the dorsal 
loots were [mm the fint aensory, and did not arise aa differentiations of roots of 
mixed fnnction, as has often been auppnsed." 

The epithelium lining the cavity of the central nervous system and the sensory 
epitheliom of the sense organs are ilerived from, or from what corresponds to, the 
feztennl layer of the epiblaat. Dxceptions occur in the auditory sacs of Ganoids and 
Ttleoata^ wbick are solely developed from the deeper layer of the epiblaat, and in 
the optio vesicles of Teleosts, which are formed as solid buds from the solid nerrous 
keel which will develop into the brain. In this, as is many other respects, the 
development of the Teleosts is extremely modified. 
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ORGANS DERIVED yROH THE UYTOBLAST. 

Ik a previous section the arcbenteron was left as a simple sac 
or tube, opening to the exterior anteriorly hy the stomoda^um, aotl 
posteriorly by the proctodaium. 

From what was said concerning the eSects of the presence of a 
large amount of food-yoik, it will be obvious that thera will be a 
discrepancy in the relative time of the development of various 
hypohlaatic structures ; for example, in telolecithal ova the ventral 
wall of a considerable portion of the alimentary canal must of 
necessity be completed very late. 

The primitive function of the hypoblast is undoubtedly alimen* 
tation, but in the course of evolution it has acquired several other 
functions. The digestive organs will now be first considered, and 
subsequently other hypoblastic derivatives will be described. 

Difestive Organs. — The simple sac-tike arcbenteron of tlie 
gastrula, as has already been described, is produced into pouches 
in a large number of animals. 

When this occurs in Sponges the characteristic hypoblast cells 
(choano-flagellate cells) become restricted to the extremities (ciliated 
chambers) of the often complicated diverticula. All the ezhaleut 
canals are lined with flattened hypoblast cells. 

The gastric diverticula of Ca;!enteratea appear to be chiefly con- 
cerned with the circulation or distribution of the nutritive fluid, the 
actual process of digestion being probably conflned to the stomach 
of the Hydromedueie, and the edges of the mesenteries in the 
ActinOEoa (fig. 68). 

In the Ccelomata, or those animals provided with a true body 
cavity, these diverticula are cut oil' from the gastric cavity, and 
are henceforth spoken of as mesodermal structures. 

The gastric diverticula of the Turbellarians, of certain Kemer- 
teans, and of the Leeches, cannot be regarded as ctelomic diver- 
ticula which have never severed their connection with 
arcbenteron. 
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It has been sbown (p. 29) that in moat centrolecithal ova {e.g , 
Crostacea) some of the hypoblast cells engulf the food-yolk which 
lies within the segmentation-cavity (fig. 22). In other ova the 
yolk is originally locateil within the primitive hypoblast. In both 
cases it is digested by those cells. 

The actual coovereion of the primitive hypoblast into special 
digestive cells has not been fully investigated, but it must ba 
readily effected, as digestion and assimilation are primary properties 
of protoplasm 

The hf poblastic portion (mesenteron) of the alimentary canal is 
nlwaye divisible into definite regions, and, with the exception of 
most of the Arthmpoda, it forms by far the largest section of the 
tract. 

The various regions of the alimentary canal of different animals 
which appear to be similar had received corresponding names 
before their development was known, consequently many apparent 
morphological anomalies must be expected. 

Usually among the Invertebrates the stomodieum is prolonged 
as the cesophagus; the mesenteron includes the stomach and in- 
testine and their associated glands, wliile the proctodieum is small. 
The Arthropoda, as a whole, are an exception to this rule, for in 
losects the mesenteron is that portion of the alimentary canal 
lying between the crop or pro ventri cuius, when that is present, and 
the point of origin of the Malpighiau tubes. The mesenteron may 
be a simple tube, or divided into regions, oE which the anterior may 
possess numerous suiall c^ca (some Beetles) or eight large ones 
(Cockroach). In low forms, such as the Myriapoda and Peripatus, 
the mesenteron is long and simple. 

In the lower Crustacea the mesenteron is relatively long. There 
&rc in Amphipods, in addition to the two or four digestive cseca, 
which are so commonly present throughout the Crustacea, two 
long narrow tubes which open into the extreme hinder end of the 
mesenteron. These tubes are undoubtedly excretory, but, as 
Spencer has shown, they are hypoblaatic and not epiblastic, they 
cannot be regarded as homologous with the Malpighian tubules of 
the Tracheata (p. in). 

■ The mesenteron of the Decapod Crustacea is restricted to the 
usually minute chamber between the so-called pyloric chamber 
(lig. 140) and the commencement of the intestine (proctodseum) ; 
it is separated from the former by valves. It is to this that the 
term stomach should be restricted. The digestive gknd or so* 
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as it does, the function of liver and pancreas, it has been appropri- 
ately termed the hepato-pancreas. It is a complex gland which 
typically develops from the wall of the mesenteron (fig. 140) in 
the usual manner, but, in some forms, the liver appears to be 
formed by a metamorphosis of the remnant of the yolk-cells which 
remain after the formation of the mesenteron (fig. 84, B, y). 

Hesenteron of Chordata. — The hypoblastic portion of the 
alimentary canal of the Chordata is divisible into the following 
regions: pharynx, (esophagus, stomach, and intestine (figs. 141, 

143). 

The egg being yolkless in Amphioxus, the archenteron (fig. 57) 
is directly converted into the alimentary canal of the adult. 

The effect on the formation of the mesenteron by the presence 




At first of a small, and then of a gradually increaaing amount o£ 
food-yolk, has already been described (p. 30). The constriction 
off of the digestive tract from the yolk-sac in telolecithal ova takes 
a comparatively long time, and not a few Fish are hatched with 
the yolk-sac still depending from their bodies. In fig. 141, which 
illustrates the isolated alimentary canal of an embryo Dog, viewed 
from the ventral snrface, it will be seen that all the main organs 
have made their appearance while the umbilicus ia still widely 
open (see also fig, 143). The neck of the yolk-sac gradually nar- 
rows lo form the vitelline duct, and the first fold of the intestine 
(figi 144, 1; 143, c) occurs at the spot where the vitelline duct 
joins it. A diverticulum which occasionally n Man in tlie 

lower part of the ileum is the persistent h ^Uine duct ; 

and not unfrequently the proximal port ittlline duct 
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may persist in Girds as a short tube connected with tli« small 
intestine. 

Ffaarynx. — Ttie plmrynx probablj extended along a oonsidenble 
length of the body iu the pitniitive Ohordata, as is still the case 
in Ampbioxus and Lampreys. The lateral walls were devoted U> 
respiratory purposes, as will be described subsequently. 

A deep ciliated groove, the endostyle, extends along the medi-in 
ventral line of the pharynx (branchial sac) in AsciJiane. The 
cilia work from before backwards and thus carry the mucus, which 
is secreted by the glaudular cells of the endostyle, along with en- 
tangled food particles into the oBsophagus. 

The hypopharyngeal ridge of Amphioxus. with its glandular 
cells, has a similar function. 

This region corresponds to the non-respiratory ventral portion 
of the pharynx of Didanoglossus. 
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A considerable groove is developed in the front portion of the 
floor of the pharynx in the larval Lamprey (fig. 142), and to ft 
decreasing extent in higher forma. 

M'c muf tliflnifarc coodude tlut thn ventnl [urtion of llie prinutiira pbuya* 
vu eodcsrned in tite tmiiimusioD ot food. Thr sjer^UI mecbuism b; which tUi 
K'U cSccUd ■tterwudi degrad«d into the mcdbui elenient of the glanil knowa 
■■ Uic thjraid body <bu p, 183^- It u poiable th*t tbu •rbatige of fonctioo mm 
ooirelalMl with tbe incrcaae in uze of the primitivs ChordaU anil tb« conaeqoaat 
abiUtj to at larger fttj. Tbe latter, from their aite, would Dot have tlie t«B(l*ttcy 
t» neap* throBgh the gUI-alita, which miDUte organiama oonld eaailj' do, tutd moM 
furtlier pan iDto the awnpbagos wUhont requiring tbe aaaiataDoa of Om vtnttal 
groQra. Tlie latter, owidr ta diauae, would nalurallr degeoerale. 

Throughout the Ichlhyopsida the pharynx gradually becomes 
greatly shortened, as is also tbe case in Amphibia imd Amniota. 

(EsophagOB.— The a'sopfaagus calls for no special mention. It 
is a simple tube of variable length, which in some forms (Crocodilia 
and many Birds) has a ventral saccular dilatation or crop. 
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Stomach. — ^The tesophagus may pnss imperceptibly or abruptly 
into the stomacb. The stoioach is usually a simple dilataliou of the 
alimentary canal (figs. 141-144). Its exact form varies consider- 
ably, but it only becomes at all complicated in a few Mammals 
{e.ij,. Sloths, Cetacea, Eumiiianta, some Maisupials and Rodents). 

There is an instructive modiiication in the stomach of Ruminants 
during growth. In the early ftetua the relative size of the com- 
partments and general form of the stomach are almost exactly 
those of tbe adult. After birth, owing to the milk-diet, the 
growth of the peptic stomach or abomasus is greatly in excess of 
that of tbe others; but as a herbivorous diet is acquired, the 
characteristic form of the adult stomach is re-acquired. 

To secure increase of secreting surface without proportionate 
extent of superficies, crypts or pockets of digestive cells were 
developed forming simple glands. In time these became more 
complex, as was previously described for epiblastic glands (p. 106), 
the cells which actually secrete the digestive fluid being restricted 
to the blind extremities or alveoli of the gland. 

Three types of such glands are found in Mammals ; the simple 
tubular crypts of Lieberkiihn in the small intestine. A gland 
with a non-glandular duct and a few simple tubules is illustrated 
by the peptic and pyloric glands of the stomach, and the glands 
of Brunner in the pylorus, while the liver and pancreas represent 
the most specialised form of gland. 

Liver. — Tlie " liver " in Amjihioxus, alone of all Chordata, retains 
its primitive tubular form. It is the earliest hypoblastic gland 
to be developed, and it is relatively very large in fcetal life. It 
appears to be entirely absent in Baianoglossus, 

In some of the lower Vertebrata (Elasmobranchs and Amphibia) 
{fig. 99) the liver arises from a single ventral diverticulum from 
ihe intestine, which soon becomes bilobed. In Birds and Mam- 
mals (fig. 141) tiie liver appears to be bilobed from the first. 

The indpicnt liver buds out into a local thickeniog of the apliiDclinic mtAobtaat, 
which tbu* hecomea pcnetnted by ■ number of rod-like prolongatioiis (hepatic cylin* 
ileis) oX the primitive diverticula. As n rule the hepatic cjltuden appear to be solid, 
but in E^lBimobrBDchs Balfour found that they are hollow, us they are alio stated to 
be in Amphibia. A system of ducts appears in due course. The hepatic cylinders 
have the peculiarity, which '\t unique among glanda, of uniting with one another at 
namaroni poiuii, thue forniiu); a network within the tneshcsof which the enveloping 
mesoblasC duvelops into blood -vi>Bae la. 

The gall-bladder is simply an enlargement of, or a diverticuluui 
from, the main duct of the liver. Its presence ia very variable ; 
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the number and poaitton of the ducts of the liver opeuing into tlio 
intestine are also inconstant in various animals. 

Pattcreoa. — The pancreas occurs very constantly among th« 
Vertebrates. It is absent in the Cyclostomi and Pereuitibranchiat« 
Amphibia, and rudimentary or absent in many Teleosts. Th« pan- 
creas may be partially imbedded in the liver in Ganoids, and com- 
pletely so in Siluroids. It first appears as a tubular outgrowLli 
from Hie dorsal wall of the intestine, opposite to, but slij^hlly 
behind, tlie diverticulum, viiich forma the rudiment of the liver. 
According to His, the pancreatic rudiment al first a'ppeara ia front 
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of the liver in the human embryo, and later shifts its positiOD to 
behind that viscns (tig. 143, B-t>). Hollow diverticula arise from 
the main duct, which continually subdivide. The surroiudisg 
mesoblast develops as usual into blood-vessels and conDflCtiva 
tissue. In some cases two pancreatic diverticula hav« been ob- 
served. 

Intastine. — The intestine ia the posC-gaslric portion of the 
niescnteron. It is always a straight tube in embryos, and persists 
as such in many of the lower Chordata. In other forms it becomes 
varioasly looped, owing to its length exceeding that of the bodjr 
cavity within which it lies. 
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The posterior portion of the intestine in tlie adult, but not in 
the embryo, is usually of markedly greater diameter than the 
anterior portion or small iutestine ; it is known as the large 
intestine. 

The secreting and absorbing surface of the alimentary canal ia 
increased in the lowest Vertebrates by the development of a lon- 
gitudinal fold projecting into tlie cavity of the intestine, which is 
known as the spiral valve. 

The fold is slightly developed in the Cyclostomi, and reaches its 
highest state of development in some Elasmobrancha. It becomes 
less marked in the Ganoids, and traces of it may be found in the 
intestine of a few Teleosts. In no higher Vertebrate has it been 
definitely recognised. A similar fold is found in the intestine of 
some Ascidians ; such a fold may be compared with the typhlosole 
of certain Invertebrates (es. Earthworm and Fresh-water Mussel). 



no. 141.— BflinlB DtAaKun ItLltBTK*Tlsn tri 
OBUiaB u RRLtTin PaunoH orDKBuaNi sr 
TUB DuiHTITI TKAOT !■ UaJUULO. [Frina 
LaidattaiiiStirUlit.} 




Concomitantly, according to Wiedersheim, witli the disappear- 
ance of the spiral valve in Fishes a number of hollow diverticula 
{pyloric creca) make their appearance from the anterior region of 
the small intestine (duodenum). These are found in some Ganoids, 
in which group their development is not always inversely propor- 
tional to that of the spiral valve, and in most Teleosts, but in 
no other animals. Their function appears to be, in some forms, 
to increase the absorbing surface of the intestine, as a digestive 
function may be present or absent [Stirling, Macullum]. In a 
few Teleosts they occur side by side with the pancreas. 

Those animals which possess a spiral valve have, in the main, an 
alimentary canal whicli pursues a straight course through the body 
carity. In other forms (excepting Teleosts) the greater length of 
the intestine probably renders a spiral valve superHuous. 

The relative length of the alimentary canal is largely dependent 
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upon the nature of tlie food of the animal. This ia well Ulai 
in the case of the Frog's tadpole. When still subsisting 
its atored-up food-yolk, the alimentary tract retaiua ita prii 
straight courae (tigs. 98,99), After the tadpole is hatched 
meuces to feed upon decaying vegetable matter, and the iol 
(.T0W9 to a great length, and is coiled up like a watch-^] 
Later on the young Frog takes to an aninial diet, and the in 
is relatively very much aliorter, and is only slightly looped. 

The valvulte conniventes of Man, and Bimilar folds ii 
animals, also serve to increase the absorbing surface of the 
intestine. The development of all these structures is too ob< 
to require description. 

In Mammals the eud of the large intestine, where it paaaec 
the small intestine, is usually enlarged to form the ciecuiu. 
Man there is at first no ciecum (fig, 143, A-c), then a simple coi 
projection appears (fig. d) ; later the caicum lengthens, but 
terminal portion does not keep pace with the growth of the 
and consequently becomes much narrower in calibre. The bual 
portion eventually grows so large that it is commonly called th« 
ciecum, while the true ciecum is designated as the vermiform 
appendix. Several of the stages in the development of the human 
ca'cum are permanently retained in the adult stage in certain 
Mammals. It is not known whether the so-called vermiform 
appendix of the Wombat is, as in the higher Primates, a remnant 
of an originally elongated apex of the true ciecum. 

In some Armadillos the ciecum is distinctly bilobed, and in 
Cyclothums didactylus there are two distinct ca^a. In addition 
to a capacious true uecuni, Hyrax possesses a pair of simple conical 
cieca in the large intestine. 

In moat Birds there are two cieca of variable length at 
commencement of the large intestine. 

A Ciecum is usually stated to first appear in Reptiles, when 
never attains a large size ; but Huxley has described and Howes 
has figured a representative of it in the Frog. 

A simple rectal gland is found in Elasmobranchs. 

Endod^rmal Mascles.~-Muscular processes arising from tb« 
endudermal cells have been demonstrated by Jickeli in Hydra; 
these i-un transversely round the body, as opposed to the longitu- 
dinal direction of the similar fibres of the ectodermal cells. En- 
dodermal muscular fibres have been demonstrated in the Actinitt 
by the brothers Her twig. 
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Beapiratorf Organs of Invertebrates. — In but few loverte- 
trates does the alimentary tiuct functiou directly iii respiration. 
The endoderm lining the general cavity of the body in Actinozoa 
I, however, probably largely concerned in respiration, especially in 
such forms as Edwardsia, Cerianihus, and Peachia, which live im- 
Iwdded in the sand. 

Ke3piration probably occurs all along the intestine in Proneo- 
menia, and along the rectum in Neomenia. 

The anal respiration of many Crustacea is, as has already been 
stated (p. 109). really proctodieal. 

The respiratory trees of most Holothuroidea are probably of 
bypoblastic origin. In other Echiuoderms the ambulacral system 
ia partially respiratory, 

Cbordata. — The anterior portion of the chordate mesenteron ia 
mainly devoted to respiration ; ibis may appropriately be termed 
the branchial region, or, more shortly, the pharynx. 

In most Chordata several pairs of wide lateral pouches arise 
from the sides of the pharynx and come into close contact with 
the eitemal skin. There is apparently a slight invagination of 
the latter to meet the former ; an absorption of the applied mem- 
branes results in the formation of lateral slits (branchial or visceral 
clefts), by means of which the cavity of the pharynx is put into 
direct communication with the exterior. 

Delicate processes of the hypoblastic epithelium covering the 
intermediate bars (branchial or visceral arches) constitute the gills 
'or branchise. These are richly supplied with blood by the bran- 
'ohial vessels (p. 226). True gills, however, are never developed in 
the Amniota at any period of life. 

Almost invariably the anterior (hyomandibular) visceral cleft 
Is the first to appear, the remainder appearing in order from before 
iiftckwards. 

The wonn-liks Balanoglo^siia has pba.ryngoitI giU-sHta wliich arisn in tha some 
Bunner u those of Vertebrates ; for a long time theru ia ouly oae pair, but sub- 
•■qnently they arn repsated in pdra, incrEaaing in nnmber with tha increase in the 
iize of th« body [Bateson], The collar at the base of the proboscis grows backward a* 
'«a operculu fold to a rariabta eit«nt in illffDrent spedea of Balanoglossui, but it 
eitenits beyond tliree gill-alits. The enclosed carity is termed the atrial 
mntj by Bateson. 

Tu Beneden and Julin have shown thitt all Ascidians hare but a eiBgle pair of 
Vilcnal cirfts, whicii arise as a pair of pharyngeal pouches met by corresponding 

^•(dblaatic depressions. Tliis condition is permanently retained by the interesting 

led farm Appendicnlaria. In all other Ascidians the gill-clefts fuse together to 

bnu a lingle obsmber ([leribrancbial cavity or atriuui). which almoat entirely aur- 
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rotnids the phsrynx (brancliiB] wc). It U probibU thil the ■trial pon it th» p«r< 
siitent openJDi; of tlie fused gill-sUCs. Tlie atrium may be formed more eipKiallj 
from the h3fpoblMlic or the apiblantic portion of these clefli The 
unially irragular oriBcea (stigmatB) id the pharjDi clesrl; do not aorreapand 
the gill-alita of higher forma, but are merely secondary perforationa. W* naf 
with thflM BuChora, " the Timicata are Cliordata with ■ single pair o( branchial 
while the VerCehrata are furniahed with aeTeral, and the Cephalochorda [Anpl 
with a great number." 

In Amphioxiis also a single pair of gill-slits first makes 
appearance. Tliis is subsequently followed by a large number 
{70-100), which slant obliquely from before backward. la the 
young form the gill-slita open directly to tlie exterior, but tbey 
are eventually covered by a pair of dorsal folds of skin wliich 
grow downwaida, leaving a space between themselves and the gill- 
slits (the branchial chamber or atrium). The two flaps of skin 
meet below the body and fuse throughout their whole extent ex- 
cept at one spot, the branchial or atrial pore. It will be readily 
apparent that the branchial chamber of Amphioxus is by no means 
homologous with that of Ascidiana. 

Tlie number of gill-clefts never exceeds eight pairs in 
Vertebrata. There are seven in the Cyclostomi and in Hexancbtu^ 
eight in Notidanus (Heptanchus), but six in all other El&smo- 
branchii ; amongst the Tc-leostei a further reduction in the number 
of clefts occurs, owing to the suppression of the hyoid pair. 

The first cleft succeeding the moutli is termed the hyomandibular 
or hyoid cleft (spiracle), as it lies between the maudibular and 
hyoid arches. The second is correspondingly the hyobtanchial or 
first branchial, and is bounded by the hyoid and the first branchial 
arches. The remaining slits are the branchial clefts. 

Dohrn finds that the pnir of ciliated grooves which lie in front 
of the gill-pouches in the Lamprey (fig. 142) is developed in the 
same manner as the branchial pouclies, but an external openiDg 
is never acquired. This supposed lost pair of visceral clefu is 
termed by Dohrn spiracular or thyroidean. 

Primitively all the visceral clefts were undoubtedly respiratory 
in function, and in many Elasmobranehs the mandibular border 
of the spiracle bears a rudimentary gill. In Chimtera, some Ganoids, 
and many Teleosts, the hyoid border of the second cleft possesses 
only a rudimentary gill (opercular pseudobrancb), which undergoes 
all stages of degeneration amongst the Teleosts, all the anterior 
gill-filaments having atrophied. The posterior gills have a ten- 
dency to disappear in Teleosts, the greatest reduction occurring ia 
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'Amphipnous cuchia, in which one branchial arch alone beara 
branchial filaments. 

The gill-clefts in the Cyclostomes and Elasmobrancha are left 
quite exposed on the surface of the neck, but in ChiiuEera, Ganoids, 
Teleosts, and Dipnoi they are protected by a fold of skin (oper- 
culum), supported by skeletal elements; the branchiostegal 
membrane and its supporting skeleton are derivatives of the 
hyoid arch. In some forms the border of the operculum fuses 
with the skin of the body, merely leaving a small orifice on each 
eide leading from the branchial chamber. 

In Amphibia the hyoid pharyngeal pouch never communicates 
with the exterior, but persists as the Eustachian recess. In larval 
life four, or rarely three (some Urodela), branchial clefts appear. 
The first, second, and third branchial arches develop external gilla 
which may be covered by epiblaat. These usually atrophy, and 
internal, probably hypoblastic, gills are developed on each aide of 
tlie three branchial clefts. The internal gills are always lost, but 
in some Urodeles the external gills are retained throughout life. 
Cope has recently stated that the Siren loses and then re-aequires 
its external gilla. Other Urodeles, which normally lose their gilla 
when adult, may, however, become sexually mature while still re- 
taining their gills (Axolotl). 

An opercular fold grows back from each hyoid arch in Anura, 
end fusing above and below with the skin of the body, envelops 
the gills within a branchial chamber. At first the branchial 
chambers open widely to the exterior by an orifice on each side ; 
these persist in Dactylethra, accordini^ to Huxley. In Bombinator 
and certain other forms the openings of the brancliial chamhera 
unite to form a single ventral orifice. In the majority of Anura 
(Rana, Bufo), the two branchial chambers communicate by a ven- 
tral canal, and the opening of the right chamber is closed up, 
leaving a single asymmetrical pore on the left side. 

External gills are present in some Ichthyopsida, but they have 
already been alluded to (p. 109). 

The external gill filaments of Elasmobranch embryos arise aa 
simple elongations of the posterior lamellee of each arch, the 
anterior not elongating at all. Dohm finds that yolk is present in 
these filaments and in their veins, and also in the posterior bran- 
chial vein and the efferent arteries, but never in the heart or in 
the branchial artery. It would thus appear that these elongated 
filaments serve also to absorb the yolk. 
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In Done of the Atnntota do tlie visceral delta bear gUla kt 
any period of life. In all forms there are four pairs of olefu, 
the last two being very small in Mammals. The visceral arches 
between the clefts are well marked (fig. 145. i", k"), each possess- 
ing a central artoiy ; but in Mammals the last cleft ia not bounded 
by a posterior arch. In Man. at least, none of the visceral dt 
are actually perforated [His], and the fourth and fifth extei 
visceral furrows are withdrawn into a fold or sinus of the ni 
(sinus prjecervicalis), (figs. 146, 147). 

The visceral clefts close up and entirely disappear, with the 
ception of the first (byoid or hyomandibular), which, aa has alreadj ' 
been described (15 1), persists as the Eustacliian tube and tyrapanie 
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Intestinal Reapiration. — Many Teleosts swallow atmospberie 
air, which passes aloug the alimentary canal and ia ejected by the 
anus. There can be no doubt that this is a method of sapple- 
meutary respiration. In these forms the hypoblast of the intestine 
ia a respiratoiy tissue. Gage finds that the papillate mucous 
membrane of the pharynx of the American fresb-water Turtle, 
Aspidontctes spinifer, is distinctly respiratory in function, but thifi 
diwa not appear to hold good for other forms [Haswell]. 

Air-Bladder. — A tubular diverticulum grows out from 
dorsal side of the (Hsopbagus or stomach in most Ganoids (fig. 
152, A, a.b) and Teleosts. In the Salmon and Carp [Von Baer] it 
arises just in front of the liver, and slightly to the right side. It 
grows backwards, and in some cases forwards as well. Excepting 
in some Teleosts this structure persists as the air-bladder. 

It ii pouible that th» primiliTe diTfrtJcutum from the iDesrntrrod, whith ttier- 

wacJi dcrvtopcd into the >ii>bIMder, wu origioalljr connielnJ * 
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I the dorsal vnl\ of the gullet h 



B*1I wc or TinknowD ranction 
Bumobnincht. 

The gt*et eontsined in the aliraentary caniil, and also, perhaps, air awaltowed for 
(■pintoty porpoEea, would naturally teod to collect !□ a donal diverticulum. A 
iydtoetatio apparatus n-ould thus be formed, the luuicular walls of the aac (air- 
ttldder] euabliug the rjoantit; of the contained gues to be regulated. 
.In aome Fish (Physocljati) the duct (pneumatic dnct) by iceanB of which the air- 
pulder Mmmuuiratea with the alimentary canal becomes closed ; and in others, as 
h the Plenroueclidv, the air-bladder may entirely diMppear. 
In the Fhyaocljsti the amount of gas in the air-bladder is regulated by diffusion 
BJirough a network of blood-reisels. Under some conditions Che fisli may respire with 
Ea* uc secreted in the air-bladder by its own blood-vessels ; but this is a purely 
feeeessoi7 and tempomry mode of respiration. 

. The air-bladder in some Ganoids and Teleosta, and notably in the Dipnoids, Is 
f^ukr and very vascular, end atmospheric air ia jn some of thorn known to be 
lucked in tbrongh the month, so that the air-bladder functions like a true lung. 

In Gurnards and other Teleoats the air-bleddur is used in making gruuting sounds. 
bi many Teleosts the air-biaddor funetiona as an accesaory auditory organ, either by 
(mpinging directly on the Tsstibnlum of the internal ear, or by being indirectly 
(punected with it hy means of a uliain of ossicles. The auditory function is most 
Ughly developed in the Siluroids, in which group the air-bladder becomes strangely 
IKodified, and may come anteriorly into close contact with the body-wall immedi- 
■taly behind the shoulder-girdle. The body-wall may become extremely thin at this 
tfoi, so as to form a regular tympanum. It is interesting to note that this tympanic 
ttembrane, like the tympanum of the ear, ia lined externally by epiblast and in- 
Innally by hypoblast 

I In no organ of Vertebrates is there so varied a change of function u there ii iu 
IUj enteric diverticulum of Fishes. 

Lan^. — Tiie lungs are developed from the ventral wall of 
Itie cesopbagus immediately bt;hind the pharynx as an elongated 
(Toove, which abruptly terminates posteriorly (fig. 143, A, ttf). 
Stliia ventral groove becomes constricted off from the cesopbagus, 
except at its anterior end glottis), where it still retains its con- 
SecCiOQ with the pharynx (fig. 143, /a). The blind aUghtly swollen 
extremity of the newly formed tube is the rudiment of the lung, 
pod the duct is the trachea. 

The lung very early exhibits a bilobed character (figs. 141, c; 
I46, c, I), Some observers state that it is from the first distinctly 
[sired. 

I In most Amniota the surrounding splanchnic mesoblast becomes 
jreatly thickened, and the hypoblastic sac-like lungs burrow into 
the stroma, dividing and subdividing as they advance. Eventually 
U extremely ramified system of tubes is formed in Mammals, 
)each ultimate branch of wbiuh being terminally distended into a 
sacculated ampulla (infutidibuium), 

. The primitive sac-like character of the lungs (fig. 143, b) is 
Mtained in the Amphibia and most Beptilia, the walls being 
merely infolded to give increased respiratory surface. 
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In tbe Chameleons rtrisliie branclied prolongalions of ihe lunga pfoject tttlif isM 
tba bod/ cavity. Analogous diverticula ■ppear in the imbryoi af Birds, ami nlti- 
niately farm the ah-mtn. Pruluiigatioos from tlie latter pus into mutj of tba Ix 
in Dioat Birds, tlis penetralion nf theie dnlioate sacs into the bocei being daa t» ^ 
boae-abiorptiOD coiuei^uoiit on prenure. 

The cartilaginous rings of the bronclii and trachea and chs | 
cartilages of the larynx are of luesoblastic origin. 

The air-bladder of the DipQoids is ilenrly homologous with tlie lune argan o 
otber Fishes, but in tliis remarkable group of aniinali the air-bladder is disttDctljr 
double; ita Villa are greatly infolded ("B|iangy"or "cetlaUr"} aud very Taamlar; 
tbe blood supply ia tiken direct); from the last aortic arch, and not from the wlUe 
artery, the blood being returned directly to the heart, and not to the liter, ai in Mltw 
Fishes ; laatly, the wide pneumatio duct opens ou the rentml wall of the thnat 
(the same also occurs in tba Ganoid Poljpterus). In all these points the airhladdet 
of tlia Dipuoi resombles the lungs of Amphibia. From these facia it is iiauaUf 
concluded that lungi are directly derived from the air-bladder of Fishei. 

HJDOt, bowevor, baa lUKgested that the lungs bate been evolted by tbe ntodi&M- 
tionof a pair of gill-pouches, which do not break through in the neck, but grow dawa 
into the thorai (figs. 141, c, 146, v, I). 

Aibrecht considers it erroueous to homolo^ise dorsal with ventnl organ*, u>d 
point! out the difficulty of the migration of the dorsal air-bladder to a sub-osophagiMl 
position. In tbe Oymnojont Teleosts, in addition to tbe doisal air*bladdar, llwn 
are ventral air-ssci prooeciling from tbe lEsophagus, by means of which tbca* fiahaa 
c»n inflate themselTee. These sacs ore conaidered by him as homologooi with Inng^ 
and bstaiologous to the dorsal air-bladder. The air-bladder of Polyptenia would 
therefore bo the bomologue of the lungs. Dorsal diverticula from tba o 
opposite tha taryux uuy noruialiy (Pig) or abnonualljr (Mao) be preaent. 



Tongue. — Bora finds that in the Pig the tongue is developed I 
from the anterior portion of the veutral floor of the pharjnz. Th« 
space between the ventral ends of the first and second visceral 
arches is at first depressed ; but later a longitudinal ridge grow* 
up, ECparated from the arches on each side by a groove. The 
anterior portion of this ridge grows forward and becomes the free 
part of the tongue. The tongue does not extend bock beyond the 
second arch, but the posterior portion of the ridge projects between 
the third and fourth arches and develops the epiglottis. As Minot 1 
points out, tlie epithelium covering of the tongue is thus hy[io- J 
blastic in origin. 



If tbe above statement it comet, the taste-bads on the papilla are bypoUaslle 
sense orgaiia Tlie gustatory goblet-calls on the tongue of Amphibia posmbly h 
similar origin- The goblet-shaped organs in the mouth aud pharynx uf Fishe* mar 
have a similar fnnctiaii, but thoae of the moath appear to l>a honioloKOui with 
similar crgana situated in the ildn. Hacullnm baa very i««ntly ncorded the 
occurrenc* or taale-buds in the mophagus of the Sturgeon -. he also statM that ha 
has found them in Ainphiuxui as far back m the opeuiug ot th* hajiatic c 
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According to His, the tongue in Man baa a double origin. From 
the anterior region of the ventral space (mesobranchial area), 
between the visceral arches of an early embryo, a small round 
projection (tuberculum impar) is formed; behind this are a pair of 
folds (furcula), which eventually will form the epiglottis. The 
ventral portions of the second and third arches grow towards their 
fellows of the opposite side between the tuberculum and the 
furcula. The basal growths of the arches form the roots of the 
future tongue, and unite togfther behind the tuberculum impar; 




the median pit between these structures is the rudiment of the 
median lobe of the thyroid body. The tongue is formed by tlie 
fusion of the two roots with the tuberculum. 

ThjttAi BCHly.— The generallj reaeired view of the signiSi^ance of tha thyroid 
bodj hu Bilrc&df been meatinned [p. 172). 

!n the Lamprey (fig, 141} the thyroid body arises as • wide diverticulum from tli» 
floor of tb« anterior portion of the pharynx. The oriii<» becomes restricted to ■ poro 
■nd eyentnally disappears. Dnriog larval life it consists of a median ciliated portion 
Wmmonicatinf; with a pnir of complicated lateral glnndular eacs. 

In tome higiier forms tho thyroid is stated to develop ss 1 tabular divertionlnm 
H*oUd down-growth Trom the anterior region of the pharyi;x, which Uter becomes 
bUobed. Sabwqnently it is quite delaclieJ from the phuryui, and is produced into 
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«. tmniber o( lioUow or wlid prMesssB, between which connsetjve tJMne MI>to knJ 
blood-roEsela snter. 

Born reuoncilw various conflicting oWrvations Kganling the origin of ttia thnoid 
bod]' is Mammalii by Snding that, according to hia iiiTDMigationi, iIm orgaa hat ■ 
doabls origin. An unpaired portion arissa u an inreeinatian trom ttia floor of iIm 
phaijni oppoiita tho front edge of the tocoDd vuceral deft. II wpantM ftmn IIm 
pharyn)(oal opithelinm, eipsnds laterally, and mignloa backvarda. The o(b«t 
portion of the thyroid is derired from the paired remnanta of the foorth (laceral 
cleft*. Thew are at first somewhat poar-ihaped hollow uci, bat on becoming con- 
Delated with the central portion they acqtiirB a ipongf interior. Piicbelii con&nna 
Itorn'a etatementa from his reBoarchea on the Pig, Rabbit, and Birda. Hia Qaiti^ in 
the bumaa enibryoo, that the median thyroid rtidiuient iriaes xa a hollow diTartiealnB 
between the third rLtceral archei, and that the lateral portions aro ofaginatad (roiD 
the poat«rior end of the pharynx anr the glottia (fig. 147, t.lAyr). Tha aeTervl parta 
becomo aejiaraled from tlivir parent tiiaues and aitik into the deeper portion ol tha 
neck. The duct of invagination of the mediaD portion peniala for Kma tima m IIm 
ductiu thyrvogloasiis (Rg. 147, d.thgr]. The foramen oecum, comu median), and tha 
variouB buraie wliich may be present in the adult an rudiment* o( Ibia duct 

Tlie hut Enveitigation on the thyroid body is that of De Meuron, who find* 
that the median element is always (Elasmobranch, Frog, Liutd, Fowl, Sheep. 
and Han) developed from a median pit in tha pharynx at the IctcI of the ■eeood 
viacptal arch. He hoonplogises the aupra -pericardial budiea of Elaamobrancb* [Van 
Bemmelon] and Amphibia [De Mean)n] with the acceaaory or lateral thyroid bodia 
of the Amniota (the left alone occurs in Acanthias and Lacerta), The atmctar* of 
both reaemhle* that of the median element Theie butieaariiw as a pairof diTerticula 
behind tha sixth branchial cleft (leTenth visceral), which ii imperfectly dereloped in 
many Elamobrancha. It may be concluded that then repreient a degcacntc p*ir 
of gilla aa In Heptanchiu, in which there are wven branchial olefla, the eupra-pari- 
cardial bodiea arc absent. In the higher Fishes and larval Amphibia Ih* lateral 
rudiments of the thyroid develop directly from the pharynx behind Ibe last (fifth 
branchial cleft. Owing to a further reducUon of the clefts, which aim disappesr 
without leaving a trace and a consequent ahortaniog of the pharynx, tha btrral 
thyroid* appear to develop from the fourth branchial cleft ; thia la must markrd is 
Mammala. The similatitj in structure of the fully-developed lateml thyroida with 
the median element and their close connection in adult Uammala rather trad to 
support Dohm's hjpothviii concerning the primitive condition of the median tbymid, 
i.e., that it repreaeuts a pair of degraded bjoid clefts, 

Thymna Olaiid.— Maurer Gnda that in the embryo Trout the tbyinna takea ita 
origin from four ihicheniug* of the epithelinm of tlie visceral clefts on each aida 
of the body, a mdinient being situated in the dotu] angle of each of tha fitir defta. 
A proliferation of tho epithelium takes place, and tlie four rudiments ou each aids 
become fused logcther. E^h lateral thymus gland sinks into the underlying msM- 
blaat and takes ou the character of s lymphatic gland. 

Dohm states that there is primitively one thymus rudiment for each branohtaj 
cleft in Ehumubrancha, but the fifth disappears in the Sharks. The seliaratina ol 
thsae rudiments from the epithelium is due to ths shortening ut the clefts and the 
bending u£ the visceral arches. The parta thus isolated gave rise to a new organ, the 
thymus, which waa afterwards transmitted by heredity tu higher Vertebrates. 

In the Pig, according to Bom, the thymos sriaea at a pair ol ventral evsginationa 
from near the inner openings of the third pair of visceral clefts, the outer jiortiooa 
of which atrophy. The end of the thyroid rests against the pericardium at the spot 
where the aorta leaves it. The central cavity disappears, snJ many branchea grow 
out from the solid cord, mainly in the direction of the hearL 

His finds in the human ombrj'o that the primary (epithelial) ruilimont «f fl 
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thymus arises from the epithaHum of the inner portion of the foortli, third, «nd 
pwtlj also of Ihe secoad TJaceral clefts. Tbcso p»rts become massed together snd 
>epar>t«d from tfae oater skia (fig. 147, thm). He naaerta that it is dereloped from 
the «pid«mii and cannot be regarded as a hypobksttc structure, since in Man nons 
of ths risceral clefts become perforated. 

It ii avi Joijt that the function of tlio gland in the Amniota is seoondarilj acqaired, 
■nd that it is a degraded epithelial organ, \yhich, from ils relation to the gili-cleftB 
in Fishes, maj possibly bnvo been some form of sense organ. 

De MeuTuD has also studied tbuderel'ipment ot the Uiyntus. In Ichthyopdda and 
Saurapaida it arises as solid thickenings of the epithelium of the dorsal side of tbe 
branchial clefts. In Fishes it arises from the first four branchial clefts, in tbe Lizard 
frum the second, third, and fourth, and in Birds from the third and fourth visceral 
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cletU. Id tbe last three tpvups tbe thickening of the third cleft is the largest In 
Annra the second risceral cltft alone devvlopa a thymus. The history of the thymus 
is ireiy diSerent in Mammali ; dorsal rudiments are developed, as in Birds, from tba 
third and fourth visceral clefts, but nearly the whole of the adott organ is derived 
from a vntiiil cacum from the third branchial cleft. 

Qnstatory Organ of Ampbioxna. — The organ usuallv kni>wn as the olfactory organ 
of Amphioius CDDsistH of an outer ciliated sac opening to the exterior and also into 
an inner sense-organ, which again communicates with the mouth. Hatschek flnda 
that the whole organ la defeloped from the left of a pair of archenteria diverticula in 
front of the mouth, and that it is therefore of purely hypublostic origin. It probably 
is an organ of taste. Hatschek and Duhm are inclined to bomologise it with tha 
hypophysis. 
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Excretory Org^ans. — Tbe only excretory organs which appear 
to be of hypoblastic origin are tlie paired urinary tubes which occur 
io Amphipods, They arise from the extreme hiud>end of the 
mesenteron, there being a distinct break of continuity when the 
latter ceases and the hind-gut (rectum) begins [Spencer]. Their 
development is unknown. 

Bkeletal Stmctares.— Notochord.— The primitive axial sup- 
porting rod or skeleton (notochord), or chorda dorsalis, which is 
peculiar to the Cbordata, and from which tliey derive their name, 
is of hypohiastic origin. 

Heilucllordat&. — Batesou lias shown that tn tbe larval Balano* 
glossus (B. kowalevskii) the median doraal wall of the pharynx ia 
constricted off and grows forward as a short hollow diverticulum 
of hypoblast, which afterwards becomes solid except posteriorly, 
where its lumen opens throughout life into the pharynx. The cella 
8C0U become vacuolated as in the notochord of higher forms. 

Urochordata.— In Ascidians tbe notochord is developed solely 
in the tail, it being derived from the dorsal wall of tha caudal 
arclienteron. 

Cepbalochordata. — In Amphioxits the notochord is, as it were, 
pinched off from the median dorsal wall of tlie archeuterua (fig. 
56 mIi). Ultimately its folded appearance and its connection 
with the archenteton are lost It is constricted olT hoia before 
backwards. 

Vertebrata. — In the lower Vertebrates the notochord is dis- 
tinctly derived from the dorsal wall of the mesenteron (archen- 
teron). Hertwig's researches ou the development of the Kewt 
(Triton) show that the dorsal hypoblast (usually referred to in tbia 
book as invaginated hypoblast aud the chorda entoblast of Hertwig 
and others) not only is distinctly columnar, as opposed to the 
rounded ordinary liypoblaat cells, but it also linea a distinct 
groove (fig. 148). The two sides of the notochordal groove, as tt 
may be termed, come together and form a solid rod of cells, the 
arrangement of which gives no indication of their origin. Tbe 
notochordal groove is scarcely apparent in the Frog. 

Mitsukuri and Ishikawa have demonstrated that the notochord 
in the Snapping Turtle (Trionyx japonicus) (fig, 14.9) Is developed 
in a manner perfectly comparable with that of the Newt. Indica- 
tions of a similar origin of the notochord are found iu Lizards, and 
notably in Mammals. 

In Birds the axial hypoblast very early becomes converted ii 
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the rudiment of the notochord, and this may occur almost before 
the permanent hypoblast can be recogniBed as such; hence the 
supposition of some authors that the notochord was derived from 
the mesobiast. 



T fTUTUBl. liftrr 



The rudiment of the notochord consists of a solid rod of cells 
lying between the neural tube and the mesenteron. Posteriorly 
it ia connected with the fusion of the lajeis which occurs at the 





.1 lip of the blastopore (fig. 62), or, when tliere is no distinct 
blastoporic passage, as in the Fowl, it passes into the primitive 
streak. At a later stEige the notochord terminates anteriorly 
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behind the infundibiilum, its extremity being often 
Posteriorly the notochord terminates at the end of the 

A definite sheath (elastica limitana intema) is soon formed oa ■ 
secretion from tlie peripheral cells of the notochord. The cells of 
the notochord become vacuolated, so tliat the notochord has a 
spongy appearance ; a few nuclei surrounded by a little proto- 
plasm remain attached to some of the meshes of the network (figs. 
'SO. 153. 173. 175. f^O- 

The notochord and its sheath are replaced in most Vertebrates, 
leaving only a small rudiment, as will be mentioned in the descrijH 
tion of the development of the vertebral column (pp. 196-199). 

Sub-Notochordol Rod. — A solid rod of cells is developed from 
the dorsal wait of the alimentary canal in Ichtliyopsida after the 
formation of the notochord (figs. 1 50, 173, 175, x). 

This sub-notochorJal rod, as it is termed, has about the same 
extension as the notochord. Its function or homolog;y is unknown, 
but it appears to persist as the sub-vertebral ligament in 
Sturgeon. 
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SIsnUcMiM of the Hotochord.— Few embrjologica! proUeiii 
than the probablo pbylogenetic aignilicuice ot the nolochord. Tin embt^alofcii 
evidenoo point* to its hypoblistii^ vrigiD. Wo aro jiutiEed in uiumlng tbs pdmi* 
tivt, at «t *11 iTeuta tlie archaic, nituhj of ita dsTelopmeQt in Ibc Amphionu 
(Gg. 56) and the Ni^wt [&g. 14S). Tho VHriationa which are met with in other 
Vort«bn>lM oui bo nducej to tiie typo oC tho Ki'W[, u ia provnl hj tha Cbelonia 
1%' 149)' 

The Jevilopment of the nrochord in the Ascidinns a mnnircfltly a degnd«J pre mi. 

The rostrictcd notiKliord ot BaUnogtosnu develops in sn uHntiatly nmiUr nunnar 
to that of Auiphioiiu, but the ranCral lumen is retained for a much longer period- 
It is intereiting to DOt« that ia sonie AiuDiota a traosient canal occun at the 
[■oiterior end of the notochotd. 

Upon an examination of the figures given by author* illnitratiDK tiie development 
of the notochord in Balanogioasus, Anjphioxus, the Newt, Cheionia, Lizardi, and 
Mammals, the conduslDn seems to be almost inevitable that we moat te|(wd tita 
tiotochord as a ncondary slruoture. It may be that tlia ancestor ot the ChonUu 
[Kwaeaaed a langiludiiial p-oove along the neural aspect oritsalimautarj tracla wl ' 
■nay have had some a^iecial secretory (t mncoua) function. Tho extraoHl/ 
iicquisition of distinctive histological cbaraclers may be recalled in this 1 

'iTio cloiura of the notochordal groove in ontology at the time of the 
off of tha archenteric diverticula froio the meaenteron ia luggeetive of phylogai 
lyuchrODy. 

It is not difficult to iuafline that a roil of cells, even though containing at &ral a 
smslllaman, miRlit form a meclinnical support lo the body which would prove of con- 
siderable value, and, being internal, it would grow with the growth and raijain' 
meat* ot the animal. 

JJxiaaiJ Bladdw.— Tha urinary bladder i» projierly apeaking a hypoblastic frgta. 
bnt it is more convenient to deal with it at the same time as tha nro-gnutal dneti 
IP- 2S9)> 
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0EGAN3 DEBIVED FROM THE MK80BLAST. 



However it arises, the mesoblast gives rise to the deeper layer 
of the skin, i.e., the derma or cutis ; to the whole of the muscular 
eystem in animals higher than the Ccelenterata ; to nearly all the 
iuternal supporting structures of the body ; to the lining membrane 
of the body-cavicy, peritoneum, in the broadest sense of the term : 
to the whole of the vascular system ; to the excretory organs ; and 
to the generative glands. 

Indifferent Mesoblast. — Under the term indifTerent mesoblast 
may be classed the general parouchyma of the body of the lowest 
Metazoa. 

In the Porifera, between the two primitive epithelia of the body 
irregular amoeboid celb occur in greater or less abundance, im- 
bedded in a jelly-like matrix. Sollas suggests the appropriate 
term of archieocytes for such cells. The origin of these mesamce- 
boidsbas been described; they function in various ways, probably 
mainly in nutrition, by carrying food-products to various parts of 
the organism, and in the transportation of waste matter, in this 
respect resembling the leucocytes of higher animals. Many of 
the mesamceboids secrete spicules ; some develop into muscle-ceEs ; 
others constitute germ-cells, and some are stated to act as nerve- 
cells. . 

The oval or anastomosing stellate cells in the gektinous tissue 
of Scyphomedusre arise mostly from the hypoblast, and the 
muscular stellate cells of Ctenophora from the epiblast, though 
some are stated by Chun to be of hypoblastic origin. There may 
be connective-tissue cells in the fibrillar lamina of Actinozoa, 

The mesamosboids enclosed within the spacious segmentation- 
cavity of larval Echinodernis have many functions to perform ; as 
Metschuikoffhas shown, they devour degenerate tissues (see p. 274), 
and they also secrete the larval skeleton (fig. 16, m.s.). 

The spongy parenchyma which fills up the space between the 
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epihiaat of the skin and the hypoblast of tlie niesentoron id 
PI aty helminths appears to be of meseuchyuiatous origin. These 
cells are essentially " iDdlETurent " ia character, and Lankeater luu 
shown how that in the Leech this tissue, wiiich he terms akeleto- 
trophic, may insensibly pass into blood-vessels and blood-cells on 
the one hand, or into connective tissues generally on tha other. 
A good deal of the intermediate parenchymatous tissue o( MoUoscs 
might be placed in this category. 

In higher forms the wandering cells of the body {colourless blood 
corpuscles, leucocytes), retain their amceboid nature, and probably 
have diverse functions. The generative or germ-cells may be con- 
sidered as the least specialised cells in the Ixidy. 

Dermal Mesobloit. — That mesoblastic tissue which immediately 
underlies the embryonic epiblast, and which constitutes the derma 
or cutis of the adult, may be termed dermal or peripheral meso- 
blast. 

Such, for instance, are those meaamoeboids which in Echinoderms 
are enclosed between the lining membrane of the body-cavity and 
the epiblast. They constitute the main thickness of the body-wall, 
and are productive of muscles, ligaments, and the calcareous 
spicules, plates, and spines. 

It would be superfluous to enumerate the various aspects which 
the dermal mesoblast assumes. 

The derma of Vertebrates typically consists of — (i.) Connective 
tissue fibres and elastic fibres. The fibres of the derma in Ichthy- 
opsida are usually arranged in more or less regular vertical and 
horizontal bundles, whereas those of the Amniota are irregularly 
felted together, (3.) Pigment cells and wandering leucocytes. 
(3.) Often a deeper layer of fat cells. (4.) Non-striated moscular 
fibres; and, lastly, it is penetrated by blood-vessels and nerves 
from the one side, and by glands and hair-bulbs on the other. 

Muscular Syitem. — There is considerable uncertainty with re- 
gard to the exact origin of the muscular system of many Inverte- 
brates. In some cases it is wholly or partially mesenchymatoos 
(Echinodermata, Platy helminths). In the Echinoderms the epi- 
thelial cells of the arcbenteric diverticula are stated by Metschni- 
kofT to possess muscular processes, but it is not known whether 
these furnish all the muscular elements of the body-wall. The 
external muscle fibres, which cause the movements of the spines of 
the Echinoids, are almost certainly not so derived. The muscles 
are known to be mesothelial in origin in the Earthworm: but even 
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in the Chsetopoda and Artliropoda (?) mesenchjmatous elements 
are stated by some observers to be present, and these may poasibly 
fonn muscle-cells. 

In tlie Chordata the mnacular system is entirely of mesothelial 
origin, being derived from the somatic and splanchnic layers. 

The first muscles to make their appearance in Amphioxus 
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(fig- 56, c, wi) are tlie longitudinal muscles which lie on each side 
of the notochord ; they arise as diRerentiations of the basal portion 
of the splanchnic cells of that region. 

It fig. 56 is compared with figs, 1 50 and 175, it will be seen that 
the great lateral muscles of Elasmobranchs are developed from 
similar splanchnic cells, and the same may be traced in an early 
Btage in the muscle-plates of the Amniota, In (iir i/Tci'vyo Bird 
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the first-formed muscles have a longitudinal direction, and are 
divided into segments. 

A horizontal section through a portion of the body of an embryo 
Fowl (fig. 151) on the level of the notochord clearly exhibits the 
segmented character of the dorsal mesoblast. The section is taken 
at a stage when the splanchnopleur has differentiated into an inner 
vertebral rudiment (p. 199) and an outer layer of longitudinal 
muscles, while the somatopleur ia unmodified, A comparison of 
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tliia figure with that of Ampbioxus hrlnga out ihe fact that tlio 
doTsal portion of the bodj is characterised hy a series of meso- 
blaslic pouches, each of which contains an isolated portion of tlie 
body-cavity. This primitive character is masked in most other 
forms, but iu all the Chordata tlie great Literal muscles are de- 
veloped therefrom. 

Balfour terms each mesoblastic pouch a somite, which is the 
equivalent of a protovertebra of many authors, reserving the 
name of muscle-plate to the somite after it has given rise to tlie 
vertebral rudiment, as it is then entirely metamorphosed into tlie 
voluntary muscular system. 

The muscle -plates increase in size and extend into the ventro- 
lateral wall of the embryo. The splanelinopleur is first converted 
into muscle -cells, the somntopleur becomes implicated later. 

The musculature of the limbs early appears as dorsal and ven- 
tral bands, which originate from processes from the muscle-pl&cca 
(fig. 103, inp.[). These become segmented oH" from the tuuscle- 
plates, which then pass into the ventral wall of the body. 

We DiBjr conclude tliM the primitivD continuous Uleral fin wu put in motion bjr 
EDlucuIar proceiMi from each musclo-pUte ; *nd timl when llie limbi were dlffana- 
tilted from the fin, some, at leant, of the segmenUl luuades were m groupml u to 
fonn the musclus of the limb*. 

The muscles of the head, including the eye-muscles, arise from 
the walls of the cephalic somites (p. 140), iu the same 1 
as those of the body. 

The tnnirormstioD of an apitheliiJ-MlI into ■ muKle-ooU occnn by the diffiuvn-' 
ti«tioQ of the prutuplaim into the contrnctile (ibriln either at one eide or peripherallf ; 
in the former csw the original nncleui ia Uteial, in the latter it it ntoated in the 
centre of each celL 

Dennal Skeletal Stnictares.— Invertebrates.— Mesodermal 

exo-akeletal structures scarcely occur amongst the Invertebrates. 
The Holothuroidea have thin perforated calcareous plates or 
spicules imbedded In their skin; all the other EchiDoderms aie 
characterised by an extensive development of solid calcareoaa 
plates and spines. 

Obordata. — The dermal skeletal elements of the Chordata may 
be conveniently reduced to one type, namely, to aplacoid scale, the 
development of which has already been noticed (p. 103). Mioiit« 
placoid scales or denticles scattered over the skin constitute the 
shagreen of Elasmohrauchs. Each denticle has a basal plate 
formed of hone. 
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The large dermal plates of Ganoids and some Teleosta are by 
some regarded as formed by the fusion of the basal plates of nume- 
rous denticles, the polished surface of the plate being due to a 
deposit of enamel. 

The thin aaiha of Amia, moat TeleOBta, (and Dipnoi) are nndonbtedl; the Bome- 
vhat dagraded representative of tha bonj plitea of their Ganoid ancestors. In 
muiy caaea the eapposcd epihiastic portion (enamel) of the scales and dermal platei 
atrophies or is nsderelopcil. 

Tlie dermal plates, which have a purely mesoblastic origin, 
form the group of bones known as membraiia bones (see also p. 
210). To this categoiy belong the parosteal elements of the skull, 
and the " clavicles " of Teleosts, 

Recent Amphibia are peculiarly deficient in 1 dermal exo-skeleton. Bony plates 
occur in skin of the back in Ceratophrya donuta anil Ephippifur Nurautiacua, iind 
isutes in the Ciecilians. 

The scutes (often called scales) of Lacertilia and Crocodilia are 
formed as ossifications in the derma. The scale-papilla may be 
beat compared to au extremely flattened feather-papilla, which, 
like the latter, is set at au angle within a follicle, TJie mesoblastic 
core ossifies, and tlie overlying Malpighian layer uf the epiblaat 
possibly in some cases deposits a layer of enamel. 

Among recent Eeptilia the Chelonia have by far the most de- 
veloped dermal exo-akeleton, which forms a dorsal carapace and 
a ventral plastron. Parosteal riblike bones (splints) occur in the 
ventral wall of the abdomen of Hatteria and Crocodilia, Similar 
ossifications are occasionally present in the iutermuscular septa of 
Teleoats. 

The bony plates which occur in the sclerotic in Birds, Reptiles, 
and many Fishes belong to this category. 

No dermal skeletal structures occur in the trunk of Birds, and 
but few in Mammals, the most noticeable being the extensive 
scutes of the Armadillos. 

Mesoblastic Endo-Skeletal Structures. —Invertebrates.— 
Tlie supporting or endo-skeletal structures of the Invertebrates 
are almost universally of epiblastic origin. Tiie following are the 
chief mesoblastic formations. 

The apicules of Sponges arise from a single mesamnboid ; when hiinillos ofdelicate 
■picoles (trichites) occur, tbo whole mass is developed from a single cell. 

The enact origin of the gelatinous supporting tissue of Cul enters tcs (meaogliea) 
hu not been fully made out. The calcareous skeleton of tlio HexacornllB and tlii: 
calcareous spicules ot the Octocoralla are sucretcd by cells derived from the ectoderm. 
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The homy aiial skeleton of the Gorgouiiilft, the iltemats bom; . 

axis of tlie IiiJins, atitl the aili»reoiu item of CorkUium, nuy prove to be epl- 

blastic, like tbe bom; axis of tbe Antipathidss. 

In the frea-mrimming lame (Plotei, tc) at the Echinoidea, 0[>hintwln, utl 
Crinoidea, • calcareoiu apicuUr skeleton is secreted b; the meiumisboids {ig. li, m.t). 

A cartilaginous axis supports the branchiBl plnme of die Serpnlaj. 

Trae CMtilkge occnts in the Cephslopodi snd in connection with the odontophor* 
in Gsatenipods ; the former am the only luvertebratea in which the brain Is pro- 
tected b; a cartilaginous brain-cue. 

Chordata. — Aq endo-skeleton which supports tbe body Bud 
grows with its growth is one of the principal characteristics of the 
Chordata as a whole. It would perhaps be hardly too much to 
say that the possession of this and the adaptive axial skeleton was 
probably the main factor in the evolution of the group. The endo- 
skeleton of the Chordata includes au axial and appendicular 
elements. The former consists primitively of the cotochord with 
its skeletogenous sheath, and secondarily of the vertebral colnina 
and the cranium. 

The appendicular skeleton is derived from the primitive supports 
of the locomotory organs (fins). These at first were entirely in- 
dependent of the axial skeleton, but a more or less intimate con- 
nection has subsequently been acquired with the latter. 

Other structures have appeared iu the walls of the body which 
have nil come to be connected with tbe axial skeleton ; for example, 
the ribs in the somatopleur of the trunk, the internal branchial 
visceral bars in tbe sptanchnopleur of the pharj'ux, and the labial 
cartilages of the fHCe, 

Vertebral Column.— The notochord with its aheath persists 
as the axial skeleton in Amphioxus, the Cyclostomes, Dipnoi, and 
Selachian CSanoids. In all the higher Vertebrates a skeletogenous 
shenth is developed round the notochord, 

Skeletogenous Sheath of Notochord.— The skeletogenous or 
cartilaginous sheath of the notochord is developed from a layer of 
mesoblast cells which range themselves round the elastica timitans 
interna (fig. 152, B). Tiie layer increases in thickness, and forms 
a continuous unsegmented tube of fibrous tissue with flattened 
concentrically arranged nuclei. Outside this layer another sheath 
is developed, variously known as the elastica limitans externa or 
outer sheath of the notochord. 

This unconstricted coudition of tbe notochord is retained by the 
adult Cartilaginous Ganoids and Dipnoi (fig. 1 5 3, A). In Chimrora 
there are added tbin calcareous rings, which bear no relstion to 
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the neural arches, and are more uiimerous. In some Elasmohtauchs 
true vertebne are imperfectly developed. 

In all other forms tlie notocbord is serially constricted by the 
deveJopment of true vertebral centra, and is eventually partially 
or entirely replaced by the mesoblastic vertebral column. 

Vertebral Archea and Vertebral Bodies.— In Ampliioxus the 
neural canal is merely protected by a sheath of connective tissue ; 
but in the true Vertebrates a aeries of cartilaginous bars, neural 




arches, are developed, which at first laterally, and then dorsally as 
veil, protect the neural canal. 

In the lowest true Vertebrates, the Cyclostomi, the neural 
arches are inegularly arranged bars of cartilage which do not meet 
over the neural canal. 

Fishes. — In other forms the neural arches first appear as a pair 
of continuous cellular ridges resting on the skeletogenous sheath 
of the notocbord. A similar ventral ridge, which is better developed 
ia the caudal region, is known as the hrenial ridge (tig. 1 52). 
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The neural ndges become enlarged at each intermascular 
septum in Fishes. These enlargements are converted into car> 
tikge and form the neural arches. The hsmal arches develop in 
a similar manner ; but it is only in the region ot the tail that the 
hffimal bars unite in the median ventral line to form a true biemal 
arch. 

In devdoping and foang, aud a Cev biIuU Elumobranchi, in certain joanti and 
adalt Ganoids ^Stargeon, Polyodon, Amia), and in Cbimam, iuterrertebn] or inter. 
calaly nsural archea are dsTelopad. Interheemal aichea ars deieloped in aonu aaea 

Tlie ni<untl archca alwajra tuake their appearance bstwaen the tpinal nerves. Tbi 
internearal arche^ when present, uauall; arise between the dorsal and ventral roots 
of thu uerveij. 

Id the adult Scyllinm the donat mot ot a spinal nerve pai*e« through tha lntcn&- 
latcd cnitilug^ and the ventral root traverK* the neural arch inimcdialcl; in Ifmt. 




The skcletogenous sheath of the nolochord also undergoes seg- 
mentation, and an annular thickening occurs in the vertebml 
region (fig. 153, b). This ring becomes converted into hyaline 
cartilage and encroaches on the notochord, which becomes o»d- 
siderably constricted al these points, but not in the intervals. In 
the inteiTert«bral regions the sheath of the notochord asaumes « 
fibrous character. 

From tlivir mode of farmatioo th« tertelH« of Fishes are Uconcave [amptuofBlooal. 
Tho geUtinona intervertebral spheres are the degraded remnants of the DneoDHrietail 
portions ot the notorhord. Lepidoatena ia the onlf FUh in which the oentn of tL« 
Tert«bne directly articuiate with one another, the faces of the bodies or cantn oftlM 
vertebra: Uing convex m front and concave behind (opisthocieloas). Ia tU« biW 
the bases of the neural and hiruial arubea cileud into the luterrertebnl ngioB^ 
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formiiig cartilaginous rings. Each intprvertebrel ring becomea divided into two 
parts, which wiU respectivol; form the untenor fuco of a given vertebral centrum 
and the poaterior fiico of that in front of it. There is thus in tliis Ganoid a Beooudliy 
intervertebral constriction of the uotochord ; the latter entirely diaappears, except in 
the tail. 

The greater part of the bodies of the vertebrco and of the arches are ossifiiHi in 
Lepidosteua and Teleoats from the memhranons perichondrioin. 

The neural arches rarely uuit€ with their fellows in Fishes, the 
neui'al arch being completed above by accessory cartilages and a 
longitudinal elastic band. 

The various forms of Fishes' tails are described later (p. 203). 




Amphibia. — The Amphibia present us with an interesting series 
of phases in the development of the vertebral column. 

At first, in Urodele larva;, as in most Fishes, the notochord is vertebrsUy constrictetl, 
and the ceilulnr sheatb, which is the equivalent of the skeletogenous sheath of Fishes, 
is earl; surrounded bj a delicate layer of bone which ii (ornied in the iuveatinf; con- 
nective tissue. This biconcave character of the vertebne is retained by the CeecDians 
and the gilled Crodeles. 

Later, in the intervortobral regions the sheath becomes greatly thickened, forming 
deep cartilaginous rings, irhich constrict and ultimately obliterate the notochord 
(fig. •54. c). 
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FinKlly, an irticaUr cavitj' is produced bj absorption in eacli interrertabtml tr^ios, 
in aiich a manner that Uic convei cnrtibgiuotu anterior extremity of oti> nrtclir* 
articulstes with a correapoDiUng coucavitj in the preceding Tertebn, Tbu Ih* 
caducibniuch UroJelcs have opistliocfElotu vertebnc 

Three stages can be diatinguislied in tlie development of the 
vertebral column of Urodeles — (i) a connection of the vertebne by 
roeaiis of the inttrvertebrally expanded notocbord, as in Fishes 
generally ; (3) a union of the centra by means of intervertebral 
ninsses of cartilage; (3) an articular condition. An oasificatioQ of 
the articular surfaces of the centra of the vertebne occurs in Lepi- 
dosteus, Auura, and most Amniota. 

It miy be noted that the articalsr faceti appear to be the onlj cartilifciDOD* 
poilioni of the vertebrtD of tlrodelea, their Tertebrm being oaiified froni roeinbnnc 
(I'onnectiTe tinue), na in Lepidosteiu and Teleosta. In th« Anura the Tertebnv onjfjr 
from cartiUgo ai in llie Amuiota. The notochord persiBte iu ■ carliii^nous fona 
within the centra of the vertobts> for a long tinie, and may even be found in adult 
Proga. The artimlar facets of the vertebral bodies are oioitl; ccncave in front and 
courex behind (procslous) ia Aoura. 

Iljemal arches are present in the tail of Urodeles, as are also 
transverse processes which may bear ribs. In the Anura the uro- 
atyle ia formed by the fusion of the two anterior caudal vertebra 
with the cellular sheath of the notochord. 

Sauropaida.— Tlie cellular sheath of the notochord and the neorml 
arches from the first form a continuous structure. 

In Hatteria and the Geckos, alone of living Reptiles, are the 
vertebrse biconcave, owing to the vertebral constriction of the 
notochord. This condiiion was common amongst the extinct 
forms. All the other Sauropsida agree in the sheath encroaching 
on the notochord in the intervertebral regions {fig. 153, d). A 
split occurs in the centre of each intervertebral enlargement, as iu 
Amphibia, which forms the interarticidar cavity. In Reptiles the 
articular facets of the centra are usually proccplous ; they are saddle- 
shaped in at least the cervical region of Birds. Intervertebral 
discs or menisci occur between the vertebne of Crocodiles, aii<l, 
except in the cervical region, of Ilinls also. 

Mammalia.— Tho view that Mammals have arisen from some 
group of unapecialised Reptiles receives additional support from 
the mode of origin of the vertebne, as the notochord is from the 
first vertebrally constricted. The intei'vertebral regions become 
wholly converted into the fibro-cartilaginous menisci, inter- 
vertebral ligaments, In the centre of which the notochord persists 
in a degraded form as the nucleus pulposus or gelatinous pulp q 
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tlie intervertebral disc Articular surfaces are never developed 
between the bodies of the vertebrie, although they occiir on the 
neural arches. Vei-tebral epiphyses are peculiar to Mammals ; 
they are found amongst Monotremes only in the caudal rej^ion. but 
are universally present in other Mammals, except the Sireuia. 

Evolution of the Vertebral Oolumn.— It is inieresting to 
note that at its first appearance the foundation tissue of the 
skeletogenous sheath is segmented (fig. 151, v.r), the segments 
corresponding with the muscle-plates ; but this segmentation is 
soon lost, 

The final segmentatioa of the vertebral column ia alteniatB to that oF the muacle- 
ptatra, 10 thit tllB centre of each vertebra ia ojiposjte to the intermuscular leiita. 

&a lUITour safs, "The eipIiDation of this character in tha negm^ntatiaD ia not 
difficult to finJ. The primary aognientation of the body is that of the musole-plalta, 
which irere present in tlie pcimitire forma in which vertcbm had not appeared. Ai 
■oon, however, as the notochordal aheath waa required to be atrong ns well as flexible, 
it neceaaaril; became divided into a series of segiiieut& 

" The condition under wliich the lateral muacles can beat causa the flexure of the 
vertebral column ia clen.rl7 thnt each myotome shall be capable of acting on two 
vertebrw, and this condition can only be fulfilled when the myotonies are opposite 
the intervala betveen the vertebne. For this ressoo, when the vertebrK became 
formed, their centres were opposite, not the middle of the myotonics, but the inter- 
muscular septa." 

The Stages of evolution were thus — (i) the formation of axial 
skeletal mesoblast round the notochord by the segmented muscle- 
ptates; (2) the fusion ot these elements to form a flexible con- 
tinuous slieatb round the notochord and nervous axis; (3) the 
secondary segmentation of the vertebral column above described. 
The last stage consists of two phases — (n) cartilaginous, (6) osseous. 

Bibs. — In most Ganoids and Teleosts the ribs arise as the cut- 
off extremities of the haimal processes; in the caudal region, where 
the haemal processes approach one another, the key of the arch is 
formed by the fused ribs. The same probably occurs in the 
iJipnoL 

The differentiation of the ribs is independent of that of the 
hEemal processes in Elasmobranchs, in which group they arise as 
cartilaginous bars in the connective tissue of the intermuscular 
septa, eventually they become coimected with the haemal processes. 

The ribs appear to develop in Amphibia and Amniota much in 
the same way as in the Elasmobranclis, but in these groups they 
are attached to the neural arches or to the transverse processes. 

Kibs are present in the embryos of all Amniotes throughout the 
vertebral column except in the tail. In the Amniota the cervical 
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riba usually fuse wilh the transverse processes, but one or more 
(rarely all) may remaiu free. Several riba unite to form the ster- 
num ; tlieir ventral moitius are often incompletely or entirely 
uuossified, ami constitute tLe sternal riba. Behind these " true " 
ribs there are usually olhera, often termed " false," which do not 
reach the sternum. 

In all Veitebiates the pelvia is always supported by sacral ribs; 
these may remain distinct, aa in Urodelea, or may fuse with tlia 
transverse processes of their sacral vertebrse. 

The occasional presence of abdominal parosteal splints 
already been noticed (p. 193). They have been erroneously ten 
" abdominal ribs " by some authors. 

As a matter of fact, but little is really known concerning the 
development of riba, and our knowledge must be increased before 
it is possible to satisfactorily determine the homologies of these 
structures. 

Sternum. — The sternum is derived from a fusion from before 
backwards of the ventral extremities of the ribs. The pair of 
cartilaginous bars thus formed fuse together to form a ceDtial 
plate which is later segmeuted off from the ribs. In MammaU 
especially the sternum ossiiies from a series of paired centres. It 
is doubtful how far the so-called sternum of Amphibia is strictly 
homologous with the sternum of the Amniota. 

Mix Lioduiy bu cotue to the coucluiion that the atcrnuni ol Biid* bu mulergnaa 
an kDtcrioT iburtrniiig, ciiluequent upou tbu lengthening of the neck tnd the ■borten- 
in^ of the trunk in the AtIui u oonipaied with the KeptiliBD type, owing to which 
the nonium hM been wvered from the rib* that formeil it. The " BMDubriain " or 
" nwtnlm " of the ArUn (Iflrnum h«i nothing in coniTQon with the ntknubrium (temi 
of Munnuils i it U > neooDdArj outgrowth for the Mtaohment of tbg atemo-clariculu' 
liguoanla. Mia* Liniisay gires tbe following cl>«iflnticin of the puta of tha ilvr- 
niiin. A. Part cmnmon to Sauropuda and Mammalia : CoHat tlcmiMt aHiing In twa 
buiili ; connected with Btenul riba in the adult, but often losing ita eoanortioD with 
the ribe which took put in it* early formation. B. Part oomuion t<> Katitie aaU 
GarinatK, but wanting in early erubryoa of the former, but n^Ter of Iho Utter : 
JVcdulerimla. C. Fart apparently common to both Katita: and CnrinatK. but ivally 
of different origin : AnUrior taterat procai ; added to costal iteniiim in tbe Ustrich, 
formsd b; atrophy of anterior riba in the Fowl and Gurnet D. Part absent Id 
Ratitn, but commoD to all Carinotw : ttil ; the median ventral outgrowth of B. Tit 
podtrior lattral prorrtl >■ cuniinun to Mime Ratitw and to nioit Carinata. The arrtt- 
tarji fnietun uf nrbutemuM, tbe i odmm, and the xiphoid end> of porteriur prootaas* 
are variable in Carlnalir. 

Pectoral Oirdle.— Two distinct elements occur in the pectoral 
girdle, the one being the primitive cartilaginous element, tbe 
other consisting of superadded dermal bones (clavicles). 
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Without entering upon disputed details, it may be asserted in 
general terms tliat the primitive girdle consisted of a pair of 
laterally placed cartilaginous bars, each of whicli supported a 
pectoral fin, and which possibly arose by the fusion or extension 
of the basal elements of the fin itself. 

In most Vertebrates the girdle ia developed from such a pair 
of plates, which subsequently are segmented into certain pieces. 
Taking the articulation of the fore-limb as a starting-point, the 
dorsal portion is known as the scapula, and the ventral aa the 
coracoid element. The latter is usually divisible into an anterior 
bar or pre-coracoid, and into a posterior coracoid proper. The 
girdle always becomes connected with the sternum. 

Bilfow foond that in Eliismobmnchs tlio giriUo davolopcd oxtemal to the luuscU- 

Ths cUviclsB first appear in the C&noiJa as large dErmal scutea which hivo be- 
coniB applied to the cartilaginous girdle, lu the Sturgeon there are three pnira of 
these aoutea, the dorsal or sapraclaviclea, which are <:oiiaceted with the otic capsules 
of the cranium by the intervention of the pnst-temporal bones ; the lateral elements 

e tho clkviclea, nhile the In^'aclavicles ^iuterclaviL-lea) meat each other in the 
niedisn ventral line. 

tn Teleoats the dermal scutes have become subdermal bones ; the interclaviclea 
■re replaced bj a ainffle meitian elemettt, aoil postcUviclea may be added. In these 
fishes the clavicles have, so to speali, usurped the place of the original girdle, so that 
while the limb is Lome bj the auipular and coracoid, the tatter are supj)ort«d by the 
enormouslj developed clavicles. 

According to Gotte, the interclaviclea are aegmeated ofl' from the ventral ends of 
the clavicles in liirds, nnd, extending between tlic inner edges of the two halves of 
bernutn, give rise when the latter unite to the keel (crista stemi). It is most 
probable that the keel ia a new strncture, secondarily acquired in responao to the 
kI of increased ourfoce of attachment for the [lectoral muscles. It may ossify fivm 
ingie or a pair of ceutres. The clavIiJes fuse tu the middle line to form the 
fnrculum. 

a recent paper Howes homologiiea the two amoll coracoid ossiRcations ■□ con- 
ataatly present in the Eutheria with the coracoid and epiooracoid of FrototheMa 
(Monotremeii), the former being the " coracoid epipbyais " and the latter the " cora. 
coid"of human aDatomiats. These two elements are readily seen in the young 
Rabbit, which is In this respect in an intermediate oonditioo between the Vroto- 
therian and the Uutherion type of shoulder girdle The Mammohan "clavicles" 
ma; now be detinitely regarded ua oaaificationa around pre-exiattng bars ol cartilage 
which are at first continuous with the soapuliB. The " olavicloa " thus correspond 
with the precoracuid of Anura. 

Gotte hae shown that the cartilaginous predecessor of the Mammalian clavicle early 
unil«a with Its fellow in the median line ; the tract resulting from this coalescence 
eventually segments into live pieces, vii., paired clavicular bars, two small nodule* 
which represent the " lateral episterna " ol Gegenbaur or the " omoatema " ol Parker 
and a median epistemum. The lateral episterna are stated by him to become 
attached to the clavicle or converted into the ste mo-clavicular ligament. The middle 
piece enten into connection with the omosbemum, and either becomes oontlnent there- 
with (Mole) or undergoes a retrogressive metamorphosis within its perichondrium 
(Lrpus), Thus if the iMenI bars reprexint, as unquoaUonably they sppear to do. the 
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primAi7 predecermra o[ the clavidec, tbia median eputemum cu) ODiy n 

<if (be inteiclBvicIe. Tbis bcinf; bii, all the eleoienti of the ProtolhehMi AooIdM' 
girdle ue repteaented in that o( the Eutheri*. 

There is so much coDtradiction in the accounts of the devela 
nient of the clavicular elements iu the Amniota thai it U at pre 
difficult to determine their precise homology. 

It is possible that tlie "clavicles" of the Ganoids and Teleosta 
form a series by tliemselvea, and that the "clavicle" of Amphibia 
aud Amniota is merely an ossified precoracoid. 

Pelvic Qirdle. — The pelvic girdle arises as a pair of cartilftginaiu 
bars much in the same way as the pectoral girdle develops. 

Dorsal to the articulation for the hind-limb is a single element, 
the ilium ; but ventraily there are two elements, an anterior pubis 
and a posterior ischium. The space between them is koovn as 
the obturator foramen. 

Xiocomototy Appendages.— Throughout the animal kingdom, 
when distinct organs fur locomotion occur, apart from ciliated 
areas, they always develop as folds of the epiblast supported by 
an axial layer of mesohlasU 

T)ie epidermal surface may not be specially modified, but tbt 
mesobtast is differentiated into muscles, often numerous and 
complex in their action, which serve to put the appendage or 
limb in motion. Nerves are always, and sense-cells usually, 
present. 

The appendages of the Craniata are always productions from 
the body-wall, and, being solid, never contain a diverticularn 
from the body-cavity; the reverse is the rule in Invertebrates. 
The skeletal elements of the appendages are axial in the Craniata, 
and, as a rule, external in Invertebrates. 

IiiTart«bT>tM.^The "■rrai" of tha StarfliihBi «r« tnera prolongationi of tba bod; ; 
Imt uHLDg ti] tbe reduclioD of Ibe body-carit}' in ibein, the arnu of tha Opbiuroiilea 
■ud Crinoide* have a iu]<«rBciil nuwrnbUnce to men appondigM, In all, tba cal- 
canooi aiial tkeletoD is of neiioblutic origio. 

Tht parepodia of tbs Chtetopnda are iic)(menla1ly [aired laUral prulnnf^lloat of 
tb« body>waU, tba cavity of wbich communicates nith Uie body-cavity. Tlio walla 
are nmally greatly tbickened, and normally bear tetat, and oCleo lealea, riiri, aiid 
gilb. The acta are of epiblailic origin ; often a pair are immeraaJ u dMjily iritbia 
Mi-b )>ai«podiiun llial they raiut wrve to give a certain amount of H^ilily to Iba 
atrnctnre, and tbua function a« a Hkelcul elemenL Tba panpodia may be rudiniEn- 
tary, and erea alMent [EArtliwurm). 

l*h« apiiendagea of the Arthrnjioila are joinlcd tubnUr paired l«iiu«w ftoM 
the venlro-Utetal aaiwct of each Hgnieiit. The mainly chilinon* fn-thlrt-n it 
aecretn] by tbs spiblast ; tlio diuki'Ibh are entirely iutemaL The limbs at ftrat < 
aa Lollow buiU, thiiir cavity frvety cominuuicatiii}; oith the bodf-Mri^; 
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cues the limb subseqneDtlj becomos aolid. In uveral AiachnoidB tbe Btimen- 
tory cannl seoiia prolongatioiiB into tlio limba. 

TLe Inrval velum and the adult loconiotory organs o1 tlie Mollusca call for no 
Bfietial mentioii. 

Obordata. — The locomotory appendages of tlio Cliordata fall 
into two classes, the median and the paired. 

Unpaired Limbs. — A median unpaired fin is characteristic of 
all the Ichthyopsida; in its fullest development it extends along 
the dorsal side of the body, commencinjj behind the head, passing 
round the toil, and, running forward along the ventral aspect of 
the tail, it terminates just behind the anus. The median ventral 
fin, however, extends in front of the anus in the adult Amphioxus 
and in embryo Teleosts. 

Uedian Fin. — Usually the median fin is interrupted, above and 
bstov, in front of the end of the tail, so that definite regions are 
^^p,._;^ished which are known as the dorsal, caudal, and anal fins. 
%ft dorsal fin is frequently further subdivided. 

Its development ie very simple, since the fin arises as a lamellar 
fold of the epiblast, within which the mesoblast is modified to 
form mnsclps ; and, later, fine supporting rods or fin-rays are de- 
veloped, which are quite independent of tlie axial skeleton, although 
they may subsequently be closely connected with the neural and 
literaal spines. The fin-rays never occur in the unpaired fin of 
Amphioxus or Amphibia. 

The median fin is found in all larval Amphibians, and it is more 
or less developed in those adult Urodeles which retain an aquatio 
mode of life. The males of the Newt have it largely developed 
during the breeding season. 

A dorsal fin occurs in many Cetacea. Here it is a fold of the 
skill which is supported by fibrous and tatty tissue, but without 
any skeletal elements. It, of course, has no connection with the 
dorsal fin of Fishes, but has been independently acquired. 

tdal Fin. — There can be no doabt tbat primitirely the notochord extandn] aa 
a stnigbt tajiering rod U> the extreme [HMiterior end of tbe aninuil, and that the 
caudal fin passted symmetrically round it Such d protocercal or dlphycerool tail 
ii faund in Amphioxus, Cydoatumt, Dipuoi, and larval Elainaobraticha, Ganoida, 
Teleoats, and Amphibia. 

i next stage in the development of the tail in Teleosts in chArnrteriMd hj ths 
greatly increased alzo of the ventrnl lobe, rceutting in tlie dorral flexion or tha 
notochord. This ia the peimAnent condition iu most Elasmobranclia, and ia kuowu 
a heterocercal UiL 

The ventral lobe projecta still farther, and the dorsal portion which cnotalna the 
notoohord dwindles anay, merely forming o kind of dorsn! border to the jwrmanout 
cauditl Go, a (.ondition irbich ia cIiaracteriHtic of Ganuidii. 
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Filially tbe tail becomes sjinmetricil eitemally; the Ga-ny«ire«>ippartodb/ mi* 
or two greatly dereloped hiEniul arches (bypural baaea}. The now oiaifieil ratebnl 
column aiiparently eutU abruj>tly, bat a rodliki bone, the aroitjle, can tundlj b* 
detected, trliich extends obliquely into tlio n[iper pert of the buo of tha fin. Tbi 
urostjle is the unsegmented ossiGed sheath of the upturned posterior eitremitj of tb* 
noiocbord. Thii is uinally, bat not invariably, the condition which abteiiu in Um 
t«ili of Teleostx. The tail of the ordinary adalt Teleost it, (trictly (peaking, as bela- 
rocercal la that of ElaamobrancliB or Ganoids ; but having a luperixcial fmawUj, 
it i» ngually termed homocen^l. 

The protocercal uaturn of the larval tail is retained in Urodcle Amphibia, but the 
notochord in replaced by iLo Begiuented vertebral columu. 

Paired Limbs. — Paired limbs are dereloped io all Crsniata 
liigher tliau tbe Cyclostomi, except iu a few groups in whJcb tbey 
hftve become lost 

Dolim believea that he ha« found a rudiment o[ the pelvic fin* of the I^inprajr ta 
the longitudinal foldi bordering the aau> and radiraent* of muKln in the Amnut- 
oote-itage. 

In ibe Elasmobrancbs, and to a less extent in Birds, the paired 
limbs aie developed from a larval lateral ridge, which extends 
from behind the gill-clefts to the anus. 

The rid;^e consists of a fold of epiblast with a core of mesoblast. 
It 13 rapidly produced into an anterior and posterior process ; the 
intervening portion (Wolffian ridge) disappears, leaving the fore 
and hind pair of limbs. 

la most animals the lateral ridge is not visible, each pair of 
limbs being apparently independent of the other. It is now 
generally held that tbe paired limbs are to be regarded as special 
developments of a pair of posteriorly converging lateral Sns, which.- 
had essentially the same structure as tbe median fin. 

Tbe axial mesoblast of tbe limbs differentiates into cartilage, and 
forms the skeleton of the appendages. 

Two main types of limb occur in tbe Craniata : tbe one foond 
in Fishes is known as the ichthyopterygium ; the other, peculiar to 
Amphibia and Ainniota, is termed the cheiropterygium. 

There is much controversy respecting the nature of tbe ichthyop- 
terygium, based loi^ely on speculation, hut with very little poaitiTe 
embryological evidence; the subject is therefore quite beside the 
scope of this book. 

The relation of tbe iclithyopteryglum to the cheiropterygium is 
also at present obscure ; the structure of the latter is fundamentally 
identical in all those animals in which it occurs. The main differ- 
ences are attributable to modifications in accordance with tbt 
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habits of the animal, to the loss of certain elements, and to the 
fusion of parts primarily distinct. 

BkulL — The skull is a composite structure, and in order to gain 
a clear conception of it as a whole it is necessary to hear in 
mind the distinctness of the parts involved. The morphology of 
the skull is one of the most intricate of zoological problems, 
consequently only the main points can be touched upon here, and 
these but lightly. 

The old view of the segmentation of the skull, which regarded it 
as composed of four modified vertebrae, is now entirely abandoned, 
thanks to the labours of Huxley, Parker, Gegenbaur, and others. 
In that view the radical distinction between membrane bone and 
cartilage, with the bones ossified from it, was entirely overlooked, 
and no recourse had been made to embryology. 

According to the now generally received opinion, without itself 
being distinctly segmented, the head corresponds to some dozen or 
80 of the anterior segments of the body, excluding an unsegmented 
portion in front of the mouth, the pre-oral lobe. 

The skull is essentially composed of an axial brain-box or 
cranium, and of three pairs of sense- capsules, and various bars 
which surround the mouth and visceral clefts, and which collec- 
tively form what are termed the visceral arches. To the primitive 
cartilaginous cranium, and the bonea which may develop within 
it, are usually added a large number of dermal bones. For the 
i sake of simplicity, the cranium, the visceral, arches, and the dermal 
bones will be considered more or leas separately. 

In Amphioxus (Cepbalochordata) the notochord extends in 
front of the neural tube ; in all the Craniata the notocliord ternii- 
nates anteriorly immediately behind the iufnndibulum (fig, 94) ; its 
extremity being usually bent downwards, being probably acted 
npon by the cranial flexure or by the down-growtii of the infun- 
dibulum, 

Oranimn. — A layer of mesoblast at first surrounds the brain 
and constitutes what is known as the membranous cranium, tho 
notochord extending along its floor as far as the infundibulum. 

A continuous tract of cartilage is next developed on each 
side of the notochord, hence termed parachordal ; and a separate 
pair of bowed rods appears in front, the trabeculn? cranii. The 
IHjsterior extremities of the trabeculaB embrace the apex of the 
notochord (fig. 155, A). The curved trabeculie enclose a space 
known as the primitive pituitary space ; in front they usually fuse 
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together below the nasal capsules. A median rod of cartilage, 
the prenasiil rostrum, is often present between the anterior enda 
of the trabeculie. 

The parachordals oarly fuse with each other, and entirely enclose 
the notochord, with ita skeletogeuous sheath, to form the bastUr 
plate. 

The cartilaginous auditory capsule also unites with the basilar 
plate, which forms a ventral sujiport for the posterior half of the 
brain. The notochord gradually atrophies, and, as a rule, entirely 
disappears. 

The trabeculn! enlarge in size aud fuse with the basilar plate ; io 
the nasal region a considerable amount of cartilage is formed, and 
the pituitary space ia reduced (fig. 155, b). 




., -i. MiSift'C ,-, „. 



The nasal capsule is supported anteriorly by the outwtnily 
curved extremities of tlie trabeculie, the cornua trabecule ; and 
posteriorly by a spur of cartilage, the preorbital process. Tfaua, 
like the auditory capsule, the nasal capsule is early engrafted into 
tlie cranium. The optic capsules or eyeballs always remain free. 

The floor of the cranium being thus laid, the walls are raised by 
vertical upgrowths from the sides of the basal cartilage. IletwoSB' 
the auditory cnpsules the walls usually meet above the brain 
form the posterior cranial roof ; and a solid upgrowth of cartili 
often occurs anteriorly betweeu the nasal capsules. 

Tlie primitive cartilaginous cranium (chondro-crauium) thus con- 
sists of a ventral plate and lateral walls of cartilage, which enoloM 
ihe auditory and olfactory capsules, and a posterior root Tb«. 
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floor is perforated by the pituitary space, through which also the 
internal carotid artery at first passes. The cranial nerves pass 
.through apertuiea (foramina) left during the extension of the 
cartilage. 

Definite regions can be made out in the chondro-cranium at this 
stage, which may now be enumerated. 

The posterior roofed extremity of the skull, occipital region, 
articulates with the anterior vertebra (except in Cyclostomea, 
some Elasmobranchs, Ganoids (except Lepidosteus), and Dipnoids, 
in which forms the persistent notochord is continued into the skull, 
or the occipital region is fused with more or fewer of the anterior 
Tertebne. In front of the occipital is the auditory region, and 
between them is the aperture (foramen lacerum posterius] for the 
glosso-pharyngeal (ix.) and vagus (x.) nerves (fig. 156). 

The sphenoidal region extends from the auditory to the nasal 
capsule ; an anterior and posterior pair of cartilages usually grow 
up from the basi-spheuoidal cartilage, wliich are respectively known 
as the orbito- and ali-sphenoid plates. A large slit-like orifice 
(foramen lacerum medius) is left between the auditory capsule and 
the ali-sphenoid; in it is lodged the Gosserian ganglion, and through 
it emerges the trigeminal (v.) nerve. Between the ali- and orbito- 
iphenoid is a cleft (foramen lacerum anterius or sphenoidal fissure) 
through which the optic nerve (ll.) and the motor nerves of the 
eyeball (ni., iv., vi.) pass; the fourth nerve sometimes passes out 
inJependently above tlie optic foramen. The cartilage at the base 
of the ali-sphenoids (basi-sphenuid) is continuous wich that below 
the orbito- sphenoid 8 (p re-sphenoid). 

Between the nasal capsules is ihe ethmoid region. 

Such a chondro-cranium as tliat described above is practically 
the permanent condition of the crania of all Fishes, except the 
Teleosta and bony Ganoids. In the Ganoids ossification com- 
mences in more or fewer of these cartilaginous areas, and, with 
florae variation, the bones which result from these centres of 
ossification occur all through the Vertebrate series. 

It not uufrequently happens that cartilage extends beyond its 
primitive area and encroaches on other regions or surrounds certain 
nerves or blood-vessels, or two or more ossifying tracts may fuse 
to form a compound bone. On the other hand, portions of the 
chondro-cranium may atrophy, or even not be developed at all. 

Visceral Arches. — Cartilaginous bars are early developed in 
the lateral walls of the pharynx between the visceral clefts. These 
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viaceral arcbes, as they are termed, are primitively very similar, 
and each consists of a simple bar of cartilage, which later may 
become se^meDted, and usually more or less ossified. The greatest 
Qumber occurring in any auimal are found in the Cyclostomi and 
Notidanus, where there are nine in all : as a rule, there are seven 
in the Icbthyopsida and fewer in the Amniota. 

The first is the mandibular arch, the second is the hyoid, and 
tlie remainder are known as hranchials. 

It WH [omerly tbonght that the brftnehial buket work of tb« C^cloitatai baknfiTd 
to a differeol (eriei of <urtil>gei from the vuct^rftl krchca of Gnathoitooifttom CnMl' 
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ntn*. the tiirmeT being iDppoaei] to be deielnped on the outer wkU of the • 
head'Cavltiea, nhiie the lattir *roK from their iniieT wall. Tha eitn-bi 
til>g« uf ElMmobreuchii (E);, 1 56) were alio auppoaed to be rudlnienta o( Ota axlvn 
aerie*, iMhni baa, bowever, ahcivn that tliere u no real HintinctJon betwom tli«l~] 
' •lementi, and that the branchial ikeleton of Lainpreyt ia m truly Inletnal a« tlurt <rf 
other Cnniatei, the main dintinetion being that in Cydoatame* the (itoetal ajclMa 
are unar^ented. Dohrn alio Gndi that the extra-braocbiali 1 
niurcly the diinud and Tcntrat aLrtiiuijlauut brautbUl my* of tbeir nape 
which early ihifl their poniliun. 
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Btandibnlar Arch. — From the mandibular arch a bud grows 
forward on each side in front of the mouth, and a separation 
occurs in the arch at the angle of the mouth, so that an upper and 
a lower jaw cartilage result, which articulate together. The upper 
jaw arch ia termed the palato- quadrate or pterygo-quadrate 
arcade; the lower bar forma Meckel's cartilage. The portion of 
the primitive arch above the pteryogoid bud is the metapterygoid, 
and possibly constitutes the primitive means of attachment of the 
jaw with the cranium. 

The mandibular arch may posteriorly be supported solely by 
the projtimal element of the hyoid arch (byomandibular), or 
partially by the latter and partly by its own proximal portion 
(metapterygoid?), or the mandibular arch is directly attached to 
the cranium without the intervention of the hyoid arch. The 
first mode of attachment, known as hyostylic, occurs in many 
Elasmobranchs, and in most Ganoids and Teleosts ; the second or 
amphistylic is found in the NotidanidEB and Cestracion ; the last, 
autostylic, is peculiar to Holocepbali, Dipnoi, Amphibia, and 
Amniota. 

The upper jaw arch may anteriorly be quite independent of the 
cranium, or attached by a ligament ethmo-palatine or palato- 
trabecnlar ligament, or by a cartilaginous bar, the palatine. In 
the Holocepbali and Dipnoi the whole of the pterygo-quadrate bar 
is fused with the base of the cranium. 

The quadrate, or that region on which the lower jaw articulates, 
is usually cut off as a distinct element, and serves, in the Saurop- 
sida,as the support (suspensorium) for the mandible. In Mammals 
it is pressed into the service of the internal ear as the incus (p. 151). 
In the cartilaginous Fishes, Meckel's cartilage, or the primitive 
cartilage of the lower jaw, is very massive; but in other forms, 
although always present in early life, its place is generally usurped 
by membrane bones. 

The proximal articulating element is segmented off in Mammals, 
and now generally regarded as the malleus. 

Ossifications occur in certain centres of the cartilage, or in the 
perichondrium, but the details of these ossifications in this and the 
succeeding visceral arches do not fall within the scope of this book. 
Hyoid Arch. — The upper portion of the hyoid arch segments 
olf in Fishes as a distinct cartilage, the byomandibular, to which 
atlnsion has just been made. The inferior moiety becomes divided 
isto-sereral rod-like pieces, which may become ossified. 
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Fn>m his recmrches on the development of Fiihim, Dohrn lindi that the p 
the originat number i>[ viscenl cletta nod archsi ia not hi Bimple u u gvnecmUf ii 
gined. H« is utiaBed that what ii ueuallf regudnl u the hjoid vch \» ofrtuolf 
a doable atracture, He *1bo re^rds the spinuulu cartilage as being the Tudiaient 
of BDotber BTcb, and he a incliDCtl to believe that both tba upper and the luwct jawa 
are cartilages belonging to distinct archoa. According to him, the enumenttiua of 
the visceral arches of the jaw and hyoid regions would be : I . upper }aw ; z. lonr 
jaw ; 3. spiracolar cartUage ; 4. bj^mandibular ; 5. hyoid. llie clefts between tin 
mandibular and hyoid arches bare become difficult to recognise a* such ; the madiaa 
thyroid budy may perhaps repreaent the coalesced rudiment* of one pair. 

BraDCblal Arcbes.—The greatest number of braDchial arches 
obtaina in Heptanchus, Notidauua ; where there are seven, in most 
Fish there are five (tiy. 1 56) ; this number may be cooaideTably 
reduced in Xeleosts. The originally contiuuoas bats beooma 
jointed, and may ossify. 

Basi-hyoid and basi- branchial cartilages are uniTemlly preMnt. A cartilage wUok 
Huxley believes may represent a baBi-mnndibular element is prvaeat in tbc Oydo- 

In the adults of the Coducibranchiate Amphibia and Amniou 
the post-oral visceral skeleton is greatly reduced, and is repre- 
sented by the so-called " hyoid," lu reality this composite Btruc- 
ture consists of a flat plate or body, which results from the fusion 
of the median pieces of the hyoid and first branchial arch. Tlie 
anterior or greater cornua are the persistent hyoid arches, and the 
posterior or lesser cornua are the degenerate first branchials. What 
appears to be a vestige of the second branchial arch has been 
described by Howes for Phoctena, and several branchial elements 
enter into the " hyoid " in most Amphibia. 

Dennal Bones. — The chondro-cranium of Elasmobraucha is 
simply covered by the skin of the head. In Ganoids the brain 
is further protected by large bony plates, which assume a more 
or less regular disposition. Certain of these plates persist io 
TeleoEts as the dermal bones of the skall, and similar bones with 
an analc^ous distribution are found in higher animals. 

An irregular median series is sometimes present, but these an 
crowded out by a paired scries, wliich form tho roof-bones of the 
skuU. 

Membrane bones are developed on the side of the face, along 
the upper and lower jaw, on the roof of the mouth, and outside 
the hyoid arch. 

Those parosteal bones (ex. paraspbenoid, vomers), which are 
developed within, or in some cases at the side of the mouth, appear 
to be primarily due to the fusion of the basal portion of teeth. 
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All ihe above elements collectively constitute tha skull. 

Body-Cavity. — The mode of formation of the bodj^cavity is 
necessarily dependent upon the development of the mesoblast, and 
has already been incidentally dealt with ; there is, therefore, no 
need to repeat the former descriptions or inferences. 

It is necessary to remember that, with the exception of the lower 
Worms and Molluscs, diverticula or pouches (somites) grow out 
from the archenteron and become separated from it. The sacs 
tbua formed increase in size and surround the alimentary canal. 
Their outer wall (somatic mesoblast) becomes applied to the 
epiblast to form the body-wall (somatopleur) and their inner wall 
(aplanchnic mesoblast) together with the hypoblast constitutes the 
Bomatopleur ; their cavity is the coelom or true body-cavity. 

The mesothelium which forms the walla of the somites may 
differentiate into various structures, but it nearly always gives rise 
to a delicate epithelium (peritoneum or serous membrane) on the 
surface facing the body-cavity. The somatic epithelium is known 
as the parietal layer, the splanchnic as the visceral layer of the 
peritoneum. 

As the visceral or splanchnic walls of each pair of somites 
approach one another they form a double-layered membrane, the 
mesentery. In some animals the primitive dorsal and ventral 
mesentery may persist, but usually the mesentery is largely absorbed 
leaving strands of tissue (mesenteries) which sling the alimentary 
canal. 

Id Cyclops, acconling lo Uriiannvicts the body-cavity ia formed by a liuiaa of 
Jiairad eicavationa of a luesobkstic band ; the disepiments between only disappear 
Tory late. The dorsal and voutral meBenterieB persist ; tba doraal mesentery con. 
tains B apace which is a remnant of the blastocoel, and plays an important jiart 
in the circulation In the absence of the heart. It is difficult to understand why this 
■hould not bo regarded as a true lienrt ; it ma; be a rudimentniy structure, but tlie 
derelopoieut ia similar to that of a hemt (p. 215). 

The behaviour of the somites in Amphioxus gives us a key to 
the original mode of formation of the body-cavity in the Chordatp. 
The segmented somites are developed from the dorso-lateral angles 
of the archenteron (fig. 56) ; subsequently they extend ventral- 
irards forming the somatic and splanchnic mesoblast, finally the 
tipper portion loses its central cavity and becomes converted into 
the lateral muscles of the body, which always retain their origi- 
nal segmentation. The ventral portions of the somites not only 
fuse with their fellows, but form a continuous body-cavity which 
extends along the whole length of the body. 
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In all Cbordata the primitive segmeotatioa of the body is 
retained solely by the dorsal moieties of the somites — ^primarily 
in the muscles, secondarily in the vertebral column, and partially 
in the excretory organ. The two former are developed from tha 
main portion of the dorsal halves of the somites, which erentoally 
are entirely separated from the ventral halves. Befora this ia 
effected they are connected by what is known as the " intermedialt 
cell mass" (figa 150, 174, 178*}. This tissue gives rise to the excr^ 
tory organ (p. 243)- 

At the origin of the mesentery, the peritoneun ia columnu 
throughout a considerable length of the body-cavity, and consti- 
tutes the germinal epithelium (fig. 175, p.o). 

Mesentery. — As the alimentary canal of Vertebrates is at first 
a simple straight tube, so the mesentery which sUngs it forma a 
simple fold. With the appearance of distinct regions in the ali- 
mentary canal, those portions of the mesentery which Guapend tbem 
receive corresponding names; thus llie mesogaatrium, the mesocoloo, 
and the mesorectum. 

Id Una the eUimKch a hi tint *□ iiiteni-pofiUriar dilation of the mfarnuron, u is J 
pennuieDtly the cose in roost of the lower Virtebratat. The atoiriKcli noon tuna I 
over low»rds the right side, so thst the mesogutriu horder w 011111x1 to tho Utt, bat I 
the Btomich still retaiiiM iC« InngitudiDftl direction, u in some uJuit HammalEi, TIm 
Dev left border bulges out to form the greater curvature, aod the atomaeh a. 
by degrees a traniverM direction, carrying the meiogaetriuiu with it. Aa • raailt of 
this rotation of the stomach, ■ mBsoguCric HC h (armed which U the commn 
of tlie omentam ; the orifice of the «ac is the forauicn of Winalow. The oi 
n eize and extenda down to the oolon. 
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In Fishes the kidneys remain above the dorsal wall of tlie body- ' 
cavity; in Amphibia and higher forms they project slightly into 
the coelom, being more or less suspended by folds of the peritoneun. 

The generative glands are suspended within distinct folds of the 
peritoneun, which are known as the mesorchium for the t^atis, tnd 
mesoannm for the ovary. 

It must be borne in mind that the viscera which are deecrtbod 
as lying within the body-cavity are all, moriihologic&lly speaktng, 
outside it. The body-cavity or coelom is a closed sac lined by a 
serous membrane. Various viscera may sink into the contained 
cavity, but they always push before them the serous membrane^ 
which thus forms a fold round them. All structures such as 
hlood-vesseU or nerves pass to and from the viscus betwa 
laminie of the fold of the serous membrane. 
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PariMidluin. — The AQterinr portion of the primitivebodj-ciiTityaiidergoOBoeTtun 
ohangea. A horiiontal Baptuin ia formed, conncetiag the nplanchnopleur with the 
(omatopleiu of enoh side □□ d level with tlio ductna Cuvieri at the spot where they 
enter the sinus venoaus, and really serving to sup|iort thesD Tessels. 

The trutsveru ieptam extends anteriorly and posteriorly ; below lies the heart, 
mod above is tbe alimentary canal. As the septum atretchcH from the body-wall to 
what may be termed the dorsal mesoCBrdium (6g. 159), it Daturally divides the ali- 
terior region of the body-cavity into a ventral pericardium and a pair of ilorso-latersl 
cavities ; these all coiuraunicato anteriorly and posteriorly. By further growth 
Ibrwonla of the aeptam, the pericardium is cut off from the anterior dorsal boras of 
tha body-cavity. The septum extends posteriorly along the under side of the liver 
till it naches the ventral wall of the body, where the liver is attached by its ven- 
tral mesentery (falciform ligament] ; bnt a posterior canal, usunlly opening into the 
general body-eavitj by too orifices, persists in Elasmobranchs. 

The pericardium is thus a specialiaod portion of the body-cavity, and therefore it 
b lined by its serous membrane, which was primitively continuous with that of the 
ocelom. As its visena, the hesrt, depends into tbe periuardial cavity in the same 
■naniier as tbe meaenleron depends into the body-cavity, bo it is covered by the 
nfleoted or visceral jiortion of the ):ericardium, tbe outer being known ns the parietal 
portion. 

In air-breaihers the develo]>ing lungs project on each side of the throat into the 
dorao-lateral cxtensloiis of the body-cavity above the pericardium. This condition 
b practically retained in Amphibia and most Reptiles. The common body-cavity is 
thus often termed In them the pleiiro-pcritoneal cavity. 

Dlftphragm. — The diaphragm later makes its appearance by a dorsal oitension of 
the posterior wall of the pericardium, which cuts off the pleural -cavities Dvm the 
ftbdominal cielom. The diaphrsgm is at Grst tondinous ; the muscle grows in later 
from the dorsal side, probably from tho muscle-plates. 

Uakow enumerates the following grades of davalopmant : — 

1. Tbe ventral and dorsal portions of the diaphragm are fully developed ; they 
completely divide the cielom, and have niusclea. The diaphragm is entirely »epa- 
nted from the pericardium, except two thin iamellie (Rabbit). 

2. Similar, bnt a part of the diaphragm remains united with tho pericardium (Man), 

3. Same as 2, but the diaphragm contains no musclea, uid ita veatral part is com- 
pletely fused with tho pericnrflium (Fowl). 

4. Similar to 3, but the dorsal part is not completely developed, remuoing in 
■ primitive condition (lizard) or in an early stage (Frog). 

5- Like 4, the diaphragm is not sepnratiid from the pericardium, persisting at the 
■ttge of the septum transversiini (Myxinoids aud Ammociete)- 

6- The Teleosts form a distinct type ; although, as in the Salmon, there is a certain 
Mp«ratioD of the diaphragm from the pericardium, even more than in Birds, yet the 
dorsal portion is completely wanting. 

Plasm.— The serous membrane of the pleural cavities is termed the pleura, and, 
•1 in the cHse of tbe pericardium, a parietal layer (costal pleura) and a visceral layer 
{pulmonary pleiu«) are present. The mediastinal apace is that space which occnra 
batweeu tbe dosed pulmonary serous sacs, the mediastinum itself being formed 
liy the junction of the parietal pleura of each side. 

In the adult males of the higher Eutheria the primitive cnelom is divided into the 
fcUowing perfectly distinct serous sacs:— The two plevirie and tbe pericardium, 
which together form the thoracic cavity, tho abdominal cavity, and the paired 

iiica vuginiilia (p. 162). 

Abdominal Pores, — A pair of apertures, hj means of which 
the abdoniiiial cavity is placed in direct commimication with the 
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exterior, occurs in Cyclostonii, Elasmobranchii, GaDoidei, a few 
Teleostei, Dipnoi, Chelonia, and Crocodilia. Occasionally there il 
only a siDgle pore. 

These abdominal pores, as they are termed, usually open into 
the cloaca on each side of the urogenital aperture, but they may 
occur outside the cloaca, and eitlier in front or behind. 



In Cjclostomes. Scntt stat«9 they are dGvvla]ied Irom ttis kypoblastic 9ecti 
the cloaca ; in other forma they arise as epiblastic pita, bat the )iorea in Cycloff 
maj not be homologona with those of oilier animals. The abdominal pores of moat 
Teleoat* have also been regarded as oot hotuologons with those of other fiah (m« 

[LJSBI. 

They serve for the egresa of the gsncrative products in Cyclostomei uid t few 
Teleoata. 

Abdominnl pores are entirely absent in Amphibia and Birds, and have not been 
reeogniaeil in Mammsls. It is, honever, possible that the inguinal canaU of 
Mammals, nhich hare a similar relation to the urogenital orifice, mty prove to baJ 
remnants of the abdominal jiores of their hypotherian ancestors. 

The branchial or atrial pore of Amphioxus is often erroneouslw 
termed an abdominal pore; its mode of formation (p. 17S) proTei 
theae two pores have nothing in common. 

The Vascular System.— The vascular system consists of afl 
closed network of vessels containing a fluid (plasma), within which] 
float free cella (blood coi^puscles). Tlie whole is invariably derived! 
from the mesoblast 

There are yet numerous gaps in our knowledge of the develop- 
ment of blood-vessels in various animals. Two modes of formation,! 
have been described for both Invertebrates and Chordata. 

Development of Blood-Vessels. — In tlie vascular area of thM 
blastoderm of Amniotes, tJie mesoblast cella form a protoplaamitf 
network. Some of the nuclei of these ceils rapidly divide and 
form masses of nuclei The protoplasm round each nucleus ac- 
quires a red colour (hemoglobin), and, on the deliquescence of the 
central portion of the protoplasmic network become liberated t 
red-blood corpuscles. The peripheral nuclei form the nuclei G 
the walls of the vessels. 

A similar mode of formation of blood-vessels has been de- 
scribed by Laukester in the adult Leech, and it is probably of 
wide occurrence. 

The process may be summed up as a liquid vacuolation of certain 
reticular mesoblastic tissue. Some of the nuclei remain in the 
walls of the channels, others (red blood-corpuscles) with free 
mesoblastic elements (white blood-corpuscles) are suspended iik 
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tiie fluid (plasma) thu3 formed, and, on the assumption of con- 
tractility by the walls of the main vessels, they are hurried along 
in the general circulation. 

The second mode of vascular development consists in linear 
masses of mesohlast cells being formed, the outermost of which 
arrange themselves into a tube containing the central free cells 
or corpuscles. This occurs in the trunk of Vertebrate embryos, 
and is usually described for Invertebrates generally. 

In the lower Invertebraies the vascular system is either not at 
all or very imperfectly developed. The Chietopod Worms have a 
large dorsal (abneural) blood-vessel, which is very contractile and 
drives the blood from behind forwards ; aome of the lateral 
branches are also contractile. The Mollusca and Artbropoda 
possess a distinct heart, which in the latter may be cousidered as a 
concentration of the elongated dorsal vessel of the higher worms. 

Although many of the blood-vessels in Amphioxus are contrac- 




tile, no distinct heart is present In the true Vertebrates a 
heart is always present, and the blood-vessels retain their contrac- 
tibility to a greater or less extent. 

Formation of the Heart. — The origin of the heart in many 
Invertebrates is still a matter of some uncertainty. From the 
recent investigations of Biitschli, Schirakewitsch, and others, it 
would appear that the cavity of the heart, at least in certain of 
the Aniielidii and Arthropoda, is a persistent portion of the seg- 
mentation-cavity which has been enclosed between the vertical 
walls of the archcnteric diverticula where they join one another 
to form the dorsal (abneural) mesentery (fig. 157, a). 



Patten, on the other hand, maintains that although in thu Cookronch (Blatta) 
the heart ia formed by tha junction of the two folds of inesoblast, the cavity of the 
h«irt U not the space included between tha two foldi, but is in reality an enclosed 
portion of the tnie body-oavi^. The fold* of the nicaobtast pulsate long before a 
■pedal heart ia fonned, and a circulation occurs through the irregular sinoses of tha 
hody-eavity. Blood corpnsclpB arise before the formation of the heart by the libera- 
tJiiD of indiifDreiit cells, and afterwards Troin the walld of the heart itself. 
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Id the Spider [Balfour, but not Schinikewitsch] and in 
the higher Crustacea (Asellos [Dohm], Astacns and 




BDOf* ; rm, D«anl fol 



■i>ttort : iU. ■ItbtfBM km (•Baa>t»UaB> o( ban : ••_. lUnl 
•«L DM^ »lii& 1 >k. iwlw4M imUim nt Mr^xlw : If. Mart 
d; ip.l»aiiMakU«U-MiHiifir.»Ht<iltti*li)i|»)UHliridih*m 



[Bobretzky] ) the heart is said to arise from a solid rod of meso- 
blaat cells, of which the central portion becomes the corpuscles. 
This may, however, prove to be only a secondary mode of formation. 
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The formation of the heart in Vertebrata appears to be essen- 
tially identical with that in Invertebrates, the cavity of the heart 
being that space which is left between the median walla of the 
lateral halves of the body-cavity as they approach one another 
below the throat (fig. 157, r). 
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As Balfour has shown, the heart vill from the first appear as I 
Bingte or double, according to the relative time of its formatioo. 

la Elasmobrancha and Amphibia the throat early becomes con- 
stricted off from the yolk, and in these groups the heart appean I 
as a single tube in the vential (abneural) mesentery {mesocardium); 
but in those forms (ex. Teleosta, Birds, figs. 159, 160, and Mam- 
mals, fig. 1 58) in which the ventral wall of the throat is fanned 
later than the first appearance of the heart, the latter Qeceasatily 
develops as two tubes. 




The Fowl occupies a somewhat intermediate positiou, since tli« ' 
extreme anterior end of its heart arises as an almost single tube ; 
but it diverges posteriorly, each limb of the /^ thus formed being 
one of the veins which bring the blood back from the yolk , 
(vitelline veins) (fig. 161). 

The internal epithelium (euJothelium) of the heart is single or ' 
double like the heart itself; but when tlie two tubes unite to form 
the single heart, tlie endothelial tubes also coalesce; but just at first 
there is a median septum left (iig. t^g, s), indicating where the 
two tubes have joined; this soon breaks through, and a single 
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tube results, the thick walls of which early hecome very mus- 
cular. 

It follows from what lia3 been stated concerning the mode of 
development of the I'owl's heart, that at an early stage an anterior 
section would show the imperfect coalescence of the lateral endo- 
thelial tubes, whereas one taken a little farther behind would only 
exhibit the approximation of these tubes. Thus in the same 
embryo several stages in the development of the heart would be 
illustrated. The anterior section would be the most advanced, 
and the approaching vitelline veins would represent a much 
earlier period (see figs. 159-160). 

The primitively straight tubular heart of the Chordata undergoes 




a sigmoid flexure, at first slight (fig. l6l, h), but eventually the 
S-like flexure is complete (tig. 162, 3). The dorsal limb con- 
stitutes the auricular portion (otrium), and the ventral forms the 
ventricular part The doreal and ventral portions are separated 
by a constriction. 

There is present in Fishes in connection with the atrium a pos- 
terior thin-walled sac, the sinus venosus, into which the collecting 
veins (ductus Cuvieri) open, and into the single auricle. A pair of 
valves guard the orifice leading to the ventricle. 

The posterior region of the ventricular moiety becomes the 
ventricle of the adult, while the anterior portion is divided into a 
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posterior coqub arteriosus Knd au anterior bulbus arteriosus. Tbt 
COQUS is long, and provided with several transverse rows of valwa, 
except in uiost Teleoats, in which group it is rudimentary or absent. 
The non-valvular bulbus leads to the branchial arteries. 

Among the Dipnoi the blood-vessel bringing blood from the 
air-bladder (lungs) to the heart opens into a small second (left) 
auricle. The conus and ventricle may also be partially divided 
in two by an imperfect longitudinal septum. 
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The single auricle of the primitively pbcine heart ot the 
Amphibia is early provided with a pair of lateral appendagee. 
aud an oblique septum is developed which divides the sin^ 
auricle (atrium) into a right and left chamber. The ventride 
remains single ; the conns arteriosus (pylangium) has a longitadi- 
nal valve and a row of valves at each end ; there is also a bulbus 
arteriosus (synangium), which, however, is rudimentary in the 
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Aimra. The wrnus and bulbus are usually collectively known as 
tlie ttuncus arteriosus. A sinus venosus is also present. 

The flexure of the developing heart is very marked in the 
Amniota. The auricular portion develops lateral appendages the 
large venous trunk ^hich opens into this region (fig 162 3 t) is 
composed of the superior and inferior vem. cavie. This common 
trunk is later absorbed into the enlarging auricle and thus arises 
the separate termination of these vessels {fig 163 4 v) The 
constriction between the auricular and ventricular divisions of the 
heart is known as the canalis auriculans 

The heart begins to divide into a right and left half on the third 
day in the Fowl and about the fourth week in Man the division 
first occurring in the ventricle The ventricular septum arises 
from the ventral wall and rapidly extends to the dorsal dividmg 




the ventricle into two somewhat curved chambers, one more to 
the left and above, the other to the right and below. Thus the 
large undivided auricle communicates by a right and left auriculo- 
ventricuiar opening with the corresponding ventricle (fig. 162, $). 

A fold appears on the ventral wall of the auricle, dividing the 
cavity into a right and left chamber. The fold e-xtends only a 
short distance, thus forming an incomplete septum (the auricular 
septum). The right and left auricles communicate throughout 
embryonic life by means of the aperture thus left, the foramen 
ovale (fig. 163). 

The vena cava inferior opens into the right auricle directly 
opposite the auricular septum, and its blood has a tendency to 
flow through the foramen ovale into the left auricle. The right 
vena cava superior joins the vena cava inferior, and its blood also 
passes into the left auricle. The left vena cava superior opens 
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independently into tbe right auricle, and its blood flows into the 
right ventricle. 

A valve, the Eustachian valve, next develops from the doisal 
wall of tbe right auricle to the right of the entrance of the vena 
cava inferior into the auricle, and between it and the right and 
left superior venre cavjp. This serves to still further direct the 
blood from the vena cava inferior into the left auricle, and at the 
same time to retain the blood of the superior veute c&vx within 
the right side of the heart. In many of the higher Mammal*, 
including Man, the right vena cava superior disappears daring 
ftetal life. 

A second fold arises from the dorsal wall in the median line of 
the auricles ; this projects freely across, and to the left side of. the 
foramen ovale, thus forming a valve which prevents the blood 
from flowing back from the left to the right auricle. 

The left auricle is at first larger than the right. Later the 
cavities approximate in size, and the foramen ovale is mach 
smaller. 

Lastly, the truncus arteriosus is longitudinally divided in Birds 
by a septum, which arises between the fourth and fifth pair of 
arches and extends in a somewhat spiral manner to close to the 
ventricular orifice. In Mammals the tnincua (fig. 162, 4, a.p) 
appears to be constricted doraally and ventrally to form the aorta 
and pulmonary artery. 

Semilunar valves are developed in the short interspace between 
the orifice and the free end of the septum of the truncus. The 
dorsal and ventral valves first appear, the former as a continuous 
ridge, the latter as a pair of small proceaaes. The seplum of the 
truDCUS extends between the latter, and, entirely dividing the 
ventricular orifice, fuses with the ventricular septum. 

By the division of tbe truncus in Birds, the fifth pair of arohes 
communicates with tbe right ventricle, while the third and fourth 
pairs communicate with the left ventricle; of these, the former 
becomes tbe pulmonary arteries, and the two latter the carotid 
and aortic arches respectively (p. 327). In Mammals, also, the 
right ventricle is continuous witli tlie last aortic arch, the four 
anterior arches, or what remains of them, being connected with 
the left ventricle. 

In dl Reptilct, except the Cnxodilei. the primitirelj tingle rontricle 11 Nt^a«d. 
Ths ventricular wptnm vsi indepeadeDtly tcqaJral bjr Crnondilu^ lUnli^ tad 
Mammal* ; thiu in theM threo groujia it it nliat it termed homopltitlc, bat boI 
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homogonotic. An interesting example of the " ftlflifi cation of the embrjologic*! 
record" is afforded, as Bell jioints out, by tbe developnieat (ontogeny) of the 
Tentricles, oa in tboK fonns in which they bemme diatinot the rentricular aoptum 
develops prior to thu auricular septum, whereas in the true phylogeny the reverae 
occurred. This ia a case of what Haeckel calls cenogeuj, and is no doubt dependent 
on the requirements of the organism. 

The tomplicated aeriei of ehaugas undergone in the evolution of the Vertabrat* 
heart is apparently mainly the reaolt of the modifications which huve occurred in the 
t«apiratory organs. Witboutgoinginta details, the following facta are worthy of note: 
— Tho respiratory tract of Amphioius is extremely long, the "henrt " is undifferen- 
tiated, and the median Tentral vessel {subintestinal vein) is contractile ; in Fishes the 
pharynx is much shorter, and is increasingly reduced in the more s[>ecialisad forma ) 
the Hexura of the heart may be related to the shortening of the neck ; the aaaump- 
tioD of serial respiratioD by the air-bladder, and a change in the origin of its alTerent, 
and in the destination of its elTerent blood-veasels ; the necessity for the brain and 
sccse-organa being supplied with well-oijdised blood. 

Development of the Vaacnlar System in Vertebrates.— 

In the following brief account of the evolution of the vascular 




system in Vertebrates, the plan ia adopted of first desoribinf the 
development of the circulatory system in Amniota, and afterwards 
that of the Ichthyopsida. A considerable number of minor points 
are omitted in order to avoid unduly lengthening the section and 
complicating the subject. 

Very early in the development of the embryo the inner portion 
of the area opaca (p. 38) becomes so permeated with a network 
of blood-vessels as to receive the name of the area vasculosa. 
This net-work soon becomes connected with the embryonic vas- 
cular system, but before this is accomplished the heart has already 
commenced to beat. 

Tlie embryonic circulation of Amniotes may be conveniently 
divided into four sections — (i.) The early stages of the embryonic 
circulation. (2,) The vitelline circulation. {3.) Later stages of 
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fcetal circulation. (4.) The allantoic circalatioo. It is impoasiUc^ 
to describe the first without considering the others ; but it is itn- 
port&nt to bear in mind the essentially secondary charact«t of the I 
second and fourth systems. 

I. Early Stages of Embryonic Circulation.— It is customaiy ' 
to speak of all those vessels which carry blood away from Uie 
heart as arteries, and those which return the blood as veins. Tha 
arterial system will be described before the venous 

In its earliest stage the arterial system consists of a parallel 
pair of arteries, each of which arises from the single bnlbos 
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arteriosus of the heart, and bends round at the anterior end of the 
pharynx to its dorsal side. Still temaJDing distinct, each aorta, ss 
it is tenned, runs backwards along either side of the notochoid 
below the niesoblastic somites (tig. 176). About half-way down an 
artery is given off at right angles by each aorta, wliicb, as it passes 
to the yolk-sac (area vasculosa), is called the vitelline artery 
(comp. fig. 166, R.O/.A. L.O/.A). 

Somewhat later the two aorts unite together to form a short dor- 
sal aorta, which lies beneath the notochord. The two aortse soon J 
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separate nod dwindle away in the tail. The vitelline arteries arise 
from each trunk behind the median fusion, and are sa large that 
learly all the blood passes through them. The arteries which arise 
from the heart running forwards, upwards, and backwards are known 
as arches. Thus the dorsal aorta is produced by the junction of a 
pair of aortic arches. Very shortly afterwards a second and a 
third pair (figs. 164-167) are developed behind the primitive pair. 
The embryonic venous system at this stage consists of an anterior 
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and posterior pair of longitudinal veins (cardinal veins), which run 
superficial to tlie aorta. The anterior (superior) cardinal or jugular 
veins unite with the inferior or posterior cardinals to form a 
common trunk, ductus Cuvieri (figs. 166, 169), which returns the 
blood to the heart. Posteriorly the blood is collected from the 
yolk-sac by the vitelline veins (fig. 166, L.Of, R.O/), and trans- 
mitted to the heart by the median sinus veuosus. 
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2. TltalUua CircnlatloiL— Therascalarsopiilyof tbejolk-wcoisjr tia cnnTiliisbllj 
il«scribi:d hen. I'liD area VBSculoaa exteoili to Koine distance round the embryo, bat 
It 19 Bt fint undeTobped in the msdiao Uao in ^nt of the Bmbrro • it ts thiu Mm* 
what U-shaped. Wh«D the vitelUne drculation \a fint ertabliabad, tk* blood taftm 
tbrougb tlie two large vitollina arteries previoiuly menttonad. Tli*M irtariH difUi 
and subdivide until tliej' terminate lii capillnr; vaasela. 

Ths lateral p«ri|]herf of tlie area rasculon ii boanded bj ■ blt»od-ron»1. Ih« riWH 
tenniaalis, which aJsa eitends round the interior borp« of tk« ara* and down thmt 
ionariida. The blood froiu the cspillariea flows ilithrea directioDi : |l] mott of it ■■ 
collected by the Urge vitelline veini and ronveyed straight to ths hsart ; (a) part 
flows fbnrard along the anterior portion of the sinus lermiiiills; roond the aataior 
proloDgation, and bock along the inner margiti of the notch, where it enters ths nwt 
of the vitelline vein; and (3) lastly, a small quantity proceedi along the posterior 
half of the ainus terniinalis, aad is lost in small captlUriea, but it oltimatelf retunu 
by the TitelliOD veins. 

When the vitelline circnlation is hilly doTelopod (&g. 166), the Bow of tbi Uood 
differs slightly from the condition just described. Tlio untis tennittaUi forma a 




complete ring round tlio aroa. The distribution of the vilallioe arteriei and *bIu 
Is mainly the same, but there is a slight alteration in ths second end third ehaimel* 
for the return of the blood. Of the anterior recurrent veins the left ia always tb* 
largnr, and sometimaa ths right is aborted, so that the blood from the anterior region 
of the area rasculosa is rstumed solely by the left antnw remmnt vmn. Of 
counw in this case a fusion of the anterior limbs of the area raecalasa ha* occnmd 
in &ont of the embryo (Gg. 76). On the junction of tb* laUT«l balvM of Ih* stntu 
tennlnalls behind the embryo, the blood ii returned by adngUnw' 
' into the left vitelline veiu (fig. 166, L.nf). 



3, Later Stages of Foetal OircnlatioD.— Five pairs of aortic 
arches make their appearance (figs. 146, 165, 167, 168), but Qsoally 
the first two have atrophied before the last is formed. The arterie* 
lie towards the inner side of each visceral arch ; there la one for 
the mandibular, hyoid, aud each of the three branchial arches. 

The commoD ventral truuk (veulral aorta) is contiuued beyai 
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the mandibular arch, as the external caroLid and tlie internal 
carotid is a similar anterior extension of each dorsal aortic trunk 
(figs. 167, i63, 170). After the disappearance of the first two 
aortic arches, the aortic trunk connecting the dorsal end of the 
third arch with the fourth disappears, except in Lizards, but a 
rudiment, the ductus Botalli, can be traced in some Keptiles. In 
thia manner the internal and external carotids arise from the ventral 
aorta of the third arch (common carotid), as shown on tigs. 167, i63. 
The fourth arch always gives rise, as in Amphibia, to the 
dorsal aorta. This pair of arches persists in Eeptiles ; but on the 
longitudinal division of the truncus arteriosus, the channel leading 
from the left side of the ventricle is continuous with the right 
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fourth arch (fig. i68, a, <; B, d), and from it also arise the 
carotids (c). The left fourth arch (a, A; B,/), is connected with 
the right side of the ventricle, but it unites with its fellow to form 
the dorsal aorta {g). 

Id Birds the right (fourth) aortic arch alone retains its con* 
nection with the aoria, the left arch pereists as the left subclavian 
artery (fig. i68, c, A). The reverse occurs in Mammals (fig. i68, d). 
In both there is a single aortic arch, which springs from the left 
side of the ventricle. 

The fifth arch is known as the pnlmonary, as it invariably 
supplies the lungs ; it arises from the right side of the ventricle. 
In all the Sauropsida the right and left arches persist as the right 





228 TUB STCDf OF EMBUYOLOGT. 

and left pulmoDary arteries respectively, except in Snakes, in 
which the left alone persists (6g. 168, B, A). In Mammals the 
left arch disappears, and the right goes to the lungs (fig. 16S, D, m). 

In some forms traces of the communication between the fourth 
and fifth arches may remain as the ductus Botalli. A compariaon 
of figs. 164-168 will render the development of the adult from the 
embryonic condition perfectly comprehensible. 

The development of the main venous trunks, as it occurs in 
Birds, will be briefly described as a standard of comparison with 
other Amniota, 

As the embryo increases in size new veins appear, and aa 
auterior (superior) vertebral vein, bringing back blood from the 
head and neck, and a subclavian from the wing (fig. 169, A, ftc) 
open into the anterior cardinal or jugtdar vein. The two ductus 
Cuvieri persist as the superior veuie cavie. In the lower Mammals 
there are two superior vence cavie, aa in Sauropaida, but more 
usually an anastomosis (left brachio-cephalic or innominate vein) 
is developed between the right and left jugular veins (fig. 172), 
and eventually the whole of the blood of the left superior vena 
cava is conveyed to the right side. The base of the left superior 
vena cava remains aa the coronary sinus. 

The posterior or inferior cardinal veins which paas along th« 
outer border of the kidneys unite behind with the caudal veins, 
and anteriorly they open into the ductus CuvierL The inter- 
costal veins begin to be connected with a new longitudinal trunk 
(posterior vertebral vein), which is continuous with the anterior 
vertebral, and gradually lose their connection with the posterior car- 
dinals. Owing to ibeir diminished function, the anterior portions 
of the posterior cardinals disappear ; their posterior moieties be- 
come the ven£o renales advehentes. Aa a result of this change. 
the blood from each side of the wall of the body of the embryo, 
instead of entering the heart through the posterior cardinal, is col- 
lected by the posterior vertebral, and, together with the anterior 
vertebra), passes into the jugular and the ductus Cuvieri (superior 
vena cava or precaval) (fig. 169, b, c). 

The two posterior vertebrats are at first symmetrical, bat in 
Keptiles, when transverse anastomoses develop between them, the 
right becomes the larger. In Mammals (fig. 171) the left post«rior 
vertebral usually becomes rudimentary, and is known as the 
hemiazygos vein ; it is connected by a transverse anastom 
the right posterior vertebral or azygos vein. 
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While these changes have been going on, a new and important 
vein, the vena cava inferior, has made its appearance. At first it 
is a small vein arising in two roots from the inner border of the 
kidneys, and unites with the allantoic vein {to he described shonly) 
before it enters the heart. The atrophy of the anterior portion of 
the posterior cardinals is doubtless due to the newly developed 
vena cava inferior carrying the venous blood of the kidney direct 
to the heart. On its way to the heart the vena cava inferior passes 
through the liver, from which it receives a few vessels, venge 
reheventes (fig. 169, b). 

Renal Portal System.— In Reptiles the blood from the caudal 
veins and the posterior portion of the posterior cardioal veins 
(vens renales advelieutes) is broken up into capillaries in the 
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kidneys, and passes thence to the heart by the vena cava inferior. 
This is known as the renal portal system. 

In Birds and Mammals this does not occur ; the blood from the 
tail and hind-limbs passes directly into the vena cava inferior, and 
not indirectly through the kidneys. This comes about in Mammals 
by the development of the common iliac veins, which collect the 
blood from the hind-quarters; the posterior portion of the cardinal 
veins enter the common iliac as the hypogastric (fig. 169, c, hy). 

Hepatic Portal System.— As has already been described, the 
blood from the yolk-sac is conveyed by the vitelline veins direct 
to the heart. A small vein early appears in couacctioa with 
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developing mesenteron. This mesenteric vein (fig. l6g, B and c, m) 
joins the vitelline vein ; their common trunk (ductus venosua ae 
omphalo- mesenteric trunk) becomes enveloped within the mpidly 
growing liver, and eends off branches into that viscns. As thesa 
branches increase io size they convey more and more blood, and 
the ductus venosus, which originally passed directly into the heart, 
is proportionately diminished, until eventually all the blood from 
the yolk-sac and mesentery passes into the hepatic branches, venaa 
advehentes, and ia collected by the vense reheventes and transmitted 
to the vena cava inferior. There is notlung remarkable in the 
association of the vitelline and mesenteric veins, as it has been 
already shown that the yolk-sac is practically merely the hyper- 
trophied ventral wall of the mesenteron, consequent upon the 
occurrence of food-yolk. It may be stated in another way by 
saying tliat the vessels from the digestive tract break up in the 
liver into capillaries before entering the heart 

In Birds and Mammals the right vitelline vein soon disappears. 

4. Allantoic Circalation. — There is in Amphibia a vein, anterior 
abdominal, which receives blood from the hind-limbs and from 
the urocyst (bladder), and passing along the median ventral wall 
of the abdomen it enters the liver. 

There are in Reptiles, as in Anura (p. 234), at first two 
anterior abdominal veins developed. These run along the anterior 
abdominal wall and enter the ductus Cuvieri; posteriorly they 
are connected with the system of the posterior cardinal by the 
epigastric veins, and also with the bladder. On account of the 
precocious development of the bladder to form the allantois, these 
veins are known as allantoic veins. The left disappears, so that a 
single allantoic vein enters the heart after having been joined by 
the inferior vena cava. Later the two unite nearer the liver, and 
finally the anterior abdominal (allantoic) vein joins the portal 
system, 

In Birds the two anterior abdominal veins unite and fall into 
the ductus venosus (fig. 169. B) ; the single stem comes to be very 
long, owing to the rapid growth of the allantois, and it forms the 
allantoic vein. The right anterior abdominal disappears; the left 
bifurcates on reaching the allantois (fig. 169, B, all). 

The vitelline veins are at first very large (fig. 166), and the 
allantoic vein quite small, but their relative size is reversed as the 
allantois increases and the yolk-sac diminishes in importanca 
The mesenteric vein joins these two, and thus the large portal 
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^H vein is formed. Although the allantoic vein disappears before 
^1 hatching, the caudal and posterior pelvic veins are connected with 
^M the portal vein in the adult by the coccygeo-mesenteric vein (fig. 
^m l6g, c, cy, m). 

^f In Mammals the two primitive anterior abdominal (allantoic) 

veins are very early developed, and unite in front with the vitelline 
vein. The right allantoic vein (fig. 171, b, w'), like the right 
vitelline vein (0'), soon disappears. The long commoQ trunk of 




the (left) allantiiic and vitelline veins {ductus venosus) passes 
through the liver. 

In its passage through the liver, according to Kolliker, the 
ductus venosus gives off branches near its entrance, and receives 
branches from the anterior end of the liver {fig. 171, b). The 
main duct, unlike what occurs in the Sauropsida, persists through- 
out life as the ductus venosus Arantii (fig. 171, D, /). 

When the placenta is developed, the allantoic circulation be- 
comes extremely important. The vitelline vein, on the other hand, 
is greatly reduced, and, with the larger mesenteric vein, it con- 
stitutes the portal vein, Later the portal vein (fig. 171, D, p) 
enters one of the veniE advehentes of the allantoic vein (p'). 

The vena cava inferior and the ductus venosus at first nnite 
together and enter the heart by a common trunk (fig, 171, A, ci, l) 
Owing to the increased size of the former, the venw reheventes or 
hepatic veins open into it, and not into the ductus venosus. The 
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ductus venosus itself (ductus venosus Arantii) comes to be a until 
branch of the vena cava (fig. 171, d). 

The allnntoic vein degenerates at the end of fcetal life into Um 
solid cord koown as the rouud ligament, and all the venous supply 
of the liver comes from the portal vein. 

Bodd&rd finds that there it in the ulult Kchidiut an anUrinr Bbdomliul (alUoloio) 
vein, vhicb ari*e> from the under tuifuw of thu bladder, ind piuaing alung the vaatral 
««U of this body, ii dUtribut«d to the left half <A the liveT. 

An anastomosis between the iliac and portal veins is not estab- 
lished in Mammals. 

The allantoic arteries arise from the dorsal aorta as brandies of 




the common iliac arteries (ligs. 165, le, 1^1, U). On the disap- 
pearance of the ellaiilois they remain ns the hypogastric arteries. 

Oircnlation ia Iclithyopaicta.— Having now described the 
development of the circulation in the Amniota, it will be neces- 
sary to briefly refer to the circulation in Ichtliyopsida. 

Fig. 165, which represents the embryonic circulation of ao 
Amniote in a dia^ammatic manner, will, with a few alteration*, 
serve to illustrate the circulation in Fishes. Tlie viLelUue arterie* 
(Am) and the allantoic arteries (All) are not present, and the J 
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blood from behind ia returned to the heart by the subinteatiiial 
vein, and not by the vitelline veins (Vm). 

The first or mandibular arterial arch is represented by a small 
vessel which arises from the branchial vein of the hyoid arch, and 
supplies the rudimentary <;ill (pseudobranch) of the spiracle. In 
other Fish this artery of the first arch disappears. 

The second or hyoid arterial arch is functional throughout life 
in Elasmobranchs ; usually it remains as a small vessel which goes 
to the psendobranch of the hyoid. The artery is said to persist 
in Proiopterua amongst the Dipnoi, 

The air-bladder' is supplied with arterial blood from the cseliac 
artery or direct from the aorta, except in some Ganoids (Polyptems 




and Amia) and Dlpnoids, where the last branchial arch sends an 
artery direct to the air-bladder. 

In Amphibia the first aortic arch (mandibular) is never devel- 
oped, and the second (hyoid) arises later than the succeeding 
arches; it never unites dorsally with the latter, and only gives 
rise in part to the lingual artery. 

Of the four branchial aortic arches present in larval Amphibia, 
only the second, in the Aoura, retains its connection with the 
dorsal aorta. The first becomes the carotid arch, and gives rise 
to the carotids ; the second forms the systemic arch ; the third is 
rudimentary or absent (Anura) in the adult, while the fourth or 
pulmonary supplies the lungs. A narrow anastomosis or ductus 
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Ifotalli may unite the second, third, and fonrtli arches in adult 
Urodelea. 

TTie venous system of Fishes primitively consists of b ntediaa 
unpaired subintestinal vessel extending from the end of tha Ufl 
to the heart; indeed, the heart may be considered as a specialised 
portion of this vesseL Lat«r, cardinal veins are developed, as in 
Embryonic Amniotos, but in Fishes they persist as the main 
venous trunks. The caudal portion of the subint«atinal vessel 
acquires a secondary connection with the posterior cardinal veinB. 
In some cases this, its anastomosis, breaks up into capillaries in 
the mesonephros, thus forming a renal portal system. 

After the appearance of the cardinal veins the main portion of 
the subintestinal vein disappears, but a remnant of one of iti 
branches occurs in some Elasmobranchs as the vein of the spiral 
valve, and it also leaves its trace in tlie hepatic portal system. 

A branch from tlie subintestinal goes to the yolk-sac, and the 
common trunk is imbedded in the developing liver. Later, vesKla 
from tlie alimentary viscera are developed, which break up in th« 
liver, Tlie hepatic veins convey blood from the liver to the sinas 
venosus of the heart 

In some Fishes vessels from the anterior abdominal wall enter 
into the portal circulation. These may be regarded as the fore* 
runners of the paired anterior abdominal veins. 

The ductus venosus and the caudal vein may b« ragarded aa tha 
representatives of the subintestinal vein in Amniota. 

In Fishes tlie air-bladder ranks as an ordinary vtscna of tha 
mesenteric series, as its blood enters into the hepatic portal aystem 
before being returned to the heart ; the only exception occurring is 
in the Dipnoi, where the puhnouary vein, as it may now bfi called, 
carries the blood direct to the left auricle. The same obtains to 
Amphibia. 

The Amphibia initiate a new departure in the development of 
a vena cava inferior, which functionally replaces the larval posterior 
cardinal veins. The hepatic veins enter into the vena cava inferior. 
On the disappearance of the posterior cardinals the ductus Cnvieti 
(superior veiise cavte) are connected only with the anterior cardinals 
(jugular veins). 

At first two anterior abdominal veins occur, and open anteriorly 
into the sinus venosus, having previously united with a vein from 
the tmncus arteriosus. An epigastric branch from the iliac vein 
and veins from the urocyst or bladder (allantois) jmn them, aftei 
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which they unite into a single vessel. The atrophy of the right 
vein is aaid to result iu a single anterior abdominal vein. A 
secondary connection occurs between the anterior abdominal and 
the portal system, which persists in the adult. 

In other respects the Amphibia are essentially piscine in their 
vascular system. 

Sommu; of tha Hlstoiy of the Aortic ArcIiM.— Ab there ia still Bome tmcertunty 
concerning the fate of enme of the B,ortic arches in the T»riom groiip* o( Vartebrat*p, 
It m»j not be mperfluous to briefly recajiitulute the facta a> st present known. In 
tbii «unmiai7, as in the Foregoing eccoiint, the view ia adopted which ia most gene. 
trnHy cun«nt, viz., that there ia ooe prehyi>id aortic arch, usually termed the mandi- 
bular or lint aortic &rch, the hyoid is the aecond, while in muat Fiahes there are four 
bntnchi&I aortic arch<ra. Dohm tcrroa the aortic arch immediately in front of the 
byoid the arterie thyreoidea manilibularis, or shortly the thyroid artery [the mandibu- 
lar of BiKour), which, in Elnsmobrancha, after receiving a, venoua commiasnre (rom 
the hjoid arch, ia called the apiracular artery, aa it suppliea the apiraele. 

Firat aortic arch (mandibuiar!), preaent in alt embryonic Vertebrata, exeept the 
AmphiUa, only peraiating in Elaamobranchii, and that imperfectly, u the 
■piracular artery. 
Second aortic arch (hyuid), preaeot in all embryonic Tertebrata, bnt imperfect in 
larval Amphibia. Persistent in Elaamobranchii, usually >o in Ganoidei, rudi- 
mentary in Teleoatei (at artery of pBeudobranch), may diaappear in >ome 
Dipnoi, and partially persists as the lingual artery in Amphibia and Amniota. 
Thin] aortic arch (firat branchial), preaenC in all larval forms, and persists as a 
complete arch in all Fishes. In adult Amphibia and Amniiita it loaes ite con- 
nection with the other arches and gives rise tu the common carotid trunks. 
Fourth aortic arch (second branciiial), retains it* connection with the dorsal aorta 

thri'Ughout the Vertebrate series. 
Fifth acrtic arch (third branchial), peraists in all adult Fishes, and to a diminished 
degree in adolt Urodela (still uniting with the dorsal aorta), is loat during the 
metamorjhosia of Anura [Boasl, and disappeara in the Amniotn. 
SiKth aortic arch (fourth branchial), persists throughout the Vertebrate series. In 
some Ganoidei (Polypteras. Amia) and Dipnoi also giving a brancti to the air- 
bladder, and in adolt Amphibia and Amniota supplying the lunge. In adult 
Urodela alone is a connection still left with the duraal aorta, and in Anura 
■ large cutaneons branch is given off. 
It U nsnally stated that the pulmonary artery of Annra and Amniota is the third 
branchial aortic arch, and that the fourth disappear. The subject requires reinves- 
tigation, ae probably there is a fusion of these two arches, both of them losing their 
ooHiection with the dorsal aorta, but the fourth brancbial still giving origin b) the 
pulmonary artery. Soaa hika shown that this is actually the case in the young Frog, 
and in Salamandra the third branchial arch has the appearance of a diminishing 
artery. It is, moreover, very improbable that the arterial aupply of the lungs ahould 
shift trom the last arch to the one in front of it If this be admitted, the term " fifth 
aortic arch" in the above description of tha devehipment of the arterial arches in 
Araniota must be undentood as implying fifth-hsixtb aortic arch, making seven 
arohaa ball. 

CbangM trndergone in the CircnlKtlon of Foetal Mammals.— Ilie earliest phaaei 
in the circulation have already been described. Latur nil the venous blood passes 
directly into the right auricle. The venous blood from the liead and upjter portion 
of tha body is returned by the two vense cavK snpenoros (innominate veins). In 
most Maiomals the proximal portion of the left superior vena cava atrophies j bo all 
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tb« blood from the riglit ind left B[deB oF tlie anterior region of tb« body COtnM \o bi 
returned by the single (right) superior rena cava. 

The primiliv« posterior cardineJ reioe, and Uter tbe poeterior Tertobrelt (Ufgee 
and hemieijgoi), convey blood from the UterO'dors&l walls of the trank to lfc> 
enperior veaa cava. Tl]« t-enaus blood of the cardiac circulation [num* hj th* 
coronary vein into the right auricle. 

The main portion of the blood from the hinder region of the body !■ btnught bark 
by the vena cava inferior, vhicb is by thia time rapidly rieing into iniportaiiea. Tba 
decreasing lilood &om the yolk-aac and tlie gradually increaiing masentsric Tenoga 
blood passes by tho portal vein into Iha allantoic rein (here known as (ha dnclD* 
venosus). which pasMS straight through the liver and enten the right atiricla along 
with the veoB cava infenor. At its entrance into the liver tba ductus vcnoaiu ^vea 
rise to a fetr veins (Venn advebentes), and receivee again a small number of vaiu 
(venn rebeveutes) before leaving that viscni. The liver is also snpplied with arterial 
blood by ■ branch (hepatic artery) boa tho dorsal aorta. At the vena cava infoidt 
increases in size the hepatic veins (venB rehevenlas) open into IL 

The blood of the superior vena cava [iiases ventral and to the right dde of tb* 
Eustachian valve, and, together with a small quantity of blood from the infkrioi 
vena cava, passes into the right ventricle, and tbeuca along the palmonarj artef^ 
to the lungs. Daring foetal life the latter are not dieleuded ; consequently only 
a very small qnantily of blood is concerned in the pulmonary circulation ; this 
is returned by the pulmonary veins to the left auricle. The remaining blood passM 
through the wide ductus srteriosus (Botslli| (figi. 167, 168) into the donsl aorta, Jost 
lieyond the spot where the carotid and subclavian arteries arise. 

Only a small portion of the blood returned by the vena cava inferior paasaa into 
the right ventticia ; by far the greater portion is diverted by the Eustschian ralw 
through the toramen ovale into the left anride, and thence, together with the mall 
quantity of blood returned from the lungs by the pulmonary veins, paiM* into Iha 
left ventricle, then it passes along the ascending arcli of the aorta (fourth aortia 
arch of the left side), and is mainly distributed to the hesd and fore-part of Iha bodj 
liytbe carotid and subclavian arteries. A small quantity probably paaaat along With 
the blood from the ductus arteriosus down the descending or dorsal aorta. 

To recapitulate, and omitting minor details :~The blood from the antcriocngiaa 
of the body enters the right auricle by the superior vena cava, tbenoa to the right 
ventricle and pulmonary artery. A small quantity passes to the lungs and back is 
the right auricle (pulmonary circuletioa} ; the greater portion flows through tlw 
dactns arteriosus to the dorsal aorta, and thence to the jiostfrior region of the body. 
This blood b returned by the vena cava inferior to tho riglit auricle, where 
diverted by the Eustachian valve to the left euricle, and, entering the left veatrid^ 
passes by the aortic arch to tlie anterior region of tba body. 

It will be evident from the above that the blood returned bj the sIlaDttne *«int li 
distributed to the anterior region of the body after passing through the liver. 
the large developing brain is supplied with the most nutritious and aitrated 
available, whils the grosser organs hsve distributed to them the blood which haa 
already circolated through tlio anterior legion of the body. A large portion of tlM 
blood from the dorsal aorta jiasscs iuto the allantoic Iplacental) circolatioa^ and 
becomes partially poriGed in the placental rilli by diffusion of gases with tba tnataraal 
blood. Id the embryo, as in the adult, it ia ths right ventricle wliioli ptuopa tlN 
blood iiit« tho respiratory organ (i.r., placenta or lungs). 

Daring tlie later portion of iutra-uteriue existence, the blood letamed bj tlia ta- 
ferior vena cava increasingly miiss with that of the superior vena cava, and agrailoal 
approach to the adult arrangement is observable. 

The rapid dilatation of the lungs and the toss of the plaeenU at fairtli rmk hi * 
considurable modification in the circulation. 
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Tlie ressels of the diatendsd Innjis bci^ome filled with a large qnnntity of blood, 
vbicb, beiog rBtnmed into the left aaricle, equalius the presaure of the blood on 
each sidg of Ihe auricular septum, oud no blood passes from one auricle into the other. 
The free fold of the foramen oviila ){nidnally berotnea fused with the margin of the 
roramen.ind that permanently eompletes the septum. A»vaa previousl; mentioned, 
this valvular fold of the auricular septum was so arranged that, even during fatal 
life, blood couM only flow from the right into the left auricle. A larger or amalter 
portion of the [oranien ovale may remain unclosed for a long period, or even through- 
out life. 

The ductus arteriasus rapidly diminishsB io size, and normally entirely disappears ; 
the same fate also befalls the allantoic [uinkilicul) nrterica. The allantoic (umbilical) 
vein ia obliterated as far aa its entrance into the liver, and the duetna venosiu dil- 
appears within that organ. 

Excntory Orf^ans. — An excretory organ consista essentially of 
a tube or duct which leads from the interior of the animal to the 
exterior; such a tube is termed a nephridium. 

The internal orifice of a nephridium opens into the archiccel 
(Platyhelminths) or ccelom (Ctelomata) ; in the latter case the 
special part of the ccelom into which it enters may be more or less 
separated from the general body-cavity ; thus the nephridium may 
open into the pericardium or into a Malpigbian body (Vertebrates). 
The orifice itself (nephroatome) may be funnel-ahaped and richly 
ciliated, the cilia working outwards ; or there may be a single long 
cilium, which has a screw-like action, lying within the nephrostome 
(Platyhelminths, Rotifers). 

The tube itself may be straight, bent upon itself, or coiled. 
Each tuba may either open independently to the exterior (Inverte- 
brates), or the nephridia of each side may communicate with a 
common duct which opens posteriorly (Vertebrates). 

A pair of nephridia only may be present (Platyhelminths, 
Rotifers, Nematodes, Gephyrea, Polyzoa, Brachiopoda, Mollusca), 
or numerous pairs may occur, in which case there may be a single 
pair (most Chsetopoda, a few Vertebrata) or several pairs of neph- 
ridia for each segment of the body in which they occur. 

In addition to carrying away nitrogenous waste, the nephridia, op 
soma of them, may also act as the efTerent ducts of the generative 
organs (Brachiopods and some Cbsetopods, Molluscs, and vasa 
efferentia of Vertebrates). 

Invertebrates. — Our knowledge of the development of the 
excretory organs of Invertebrates is in a very unsatisfactory 
condition. 

The excretory system of Platyhelminths and Rotifers consista 
in the main of a pair of lateral longitudinal vessels, from which 
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numerous fiue branches arise which opeu into the intersttcea ( 
the spongy mesenchyme (archicoel), into the blood-veaseU in sonwJ 
Nemerteana (according to Oudemans), or into the "body-cavity* 
of Botifers. The longitudinal trunks may open anteriorly or 
posteriorly either independently or by a common orifice ; in the 
l&tter case tlie conjoint vessels may expand into a contractile 
vesicle. Id Nemerteans the nephridial canals communicate with 
the exterior by one or numerous ducts, nlilch are always sitnattd 
above the nerve-truukH [Oudemans]. J 

The only observations on the development of this syst«m anJ 
those of Hubrecht's for the Nemertean Worm (Liiieus obscurus). i 
He finds that a pair of vesicular outgi'owlhs arise from the hypo- 
blastic oesophagus ; although their further development could not 
be traced, he believes they are the rudiments of the nephridia. 

The paired segmental organs or nephridia of Chaetopods appear 
to be developed from the peritoneal epithelium of the body-cavity, 
either on the posterior wall of the transverse septa or oa the body- 
wall. The external opening is secondarily acquired. 

There are several forma of excretory organs amongst Artbiopoda. 
Peripatus possesses segmental organs similar to those of Annelids, 
except that, from Balfour's account, they appear to be devoid of 
cilia. The Amphipod Crustacea have hypoblastic intestinal cteca 
(pp, 169, 186), while the Insects have epiblastic rectal Malpighiaa 
tubules (p. 1 1 1). Tlie excretory organs of the Decapod Crustacea 
are the ^en glands situated in the basal joint of the anteiuue, the 
outer chamber of which appears to be developed as an epiblastic 
invagination. The so-called shell-glands of Crustacea may also- 
be excretory organs. 

Provisional renal organs are developed in the embryos of most 
of the groups of Oduntophoroiis ll<jllitsca. A pair of V-sbaped 
tubes, with an internal opening into the cavity of the head and 
an external orifice on the ventral surface Iiehind the mouth, is 
present in the aquatic Pulmonata, and possibly in some otlier 
forms. Riibl and Hatschek ascribe to them a mesoblostic origin, 
but Fol states that they arise as epiblastic invaginations. Certaia 
epiblastic larval excretory organs have alreoily been described 
(p. 108). 

The adult renal organ (organ of Bojanus) has been vaiioasly 
described to have an epiblastic and a mesoblaslic origin. Rabl 
states that in Planorbis a mass of mesoblast cells appears near die 
end of the intestine, which, becoming vesicular, attochea itsdf to 
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the epiblast to the left oC the anus, and acquires an external 
opening. The internal pericardial orifice does not appear to be 
acquired till aEter tlie formation of the heart. 

Ohordata. — No distinct urinary organs occur in Ascidians, un* 
leas the neural gloud baa this function. 

Eatschek has recently discovered a true kidney in Amphioxus, 
which has the structure and development of a nephridium. It 
develops in the larva as a mesodermal ciliated funnel and canal on 
the left aide only of the mouth in the region of the first somite. 
In the adult the nephridium lies in a narrow portion of the body- 
cavity, near tiie ventral body o! the notochord, overlying the left 
carotid (which is a continuation of the left aorta). It appears to 
open into the pharynx. 

The Vertebrate excretory system consists of three parts — (l.) 
Head-kidney or Pronephros; (2.) WolfHan body or Mesonephros; 
(3.) Kidney proper or Metanephros, These three portions are 
never functional at the same time, and are to be regarded as 
diEfcrentiations of the primitive kidney which have occurred in 
the evolution of the Vertebrates, 

r. Pronephros. — The first part of the excretory system to 
develop is the duct — variously termed segmental duct, pronephric 
duct, the duct of the primitive kidney, or archinephric duct. The 
pronephros, when present, is always connected with the anterior 
extremity of this duct. 

The following is the generally received account of the develop- 
ment of the segmental duct, but the duct has been shown by several 
investigators to have an tpiUastic origin {fig. 178*, s.d). The sig- 
nificance of tliis will be shortly pointed out (p. 249). 

In the Amphibia the segmental duct appears as a groove 
(6g. 173, A, S.1I) along the outer angle of the dorsal region of the 
body-cavity, which commences just behind the branchial region. 
The groove is coutinuously constricted off from before backwards 
so as to form a canal or duct ; except anteriorly, where the con- 
striction oidy takes place at intervals, leaving two (Urodela), three 
(Anura), or four (Ciecilia) openings. The short tubes connectiug 
these openings or nephrostomata with the segmental duct increase 
in length and form the segmental tubes, which correspond in 
number witli the segments which the pronephros occupies. 

The duct immediately behind these tubules becomes coiled. 
A vascular process from the peritoneum, the glomerulus, projects 
on each side of the aorta into a dilated section of the body-cavity. 
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■which becomes partially cut off from the rest of the cislon) (Sg. 
173, b). The whole of these structures collectively constitutes tha 
pronephros. 

The segmental duct eventually opens posteriorly into the cloaca. 

The pronephros develops in the Teleostei in a similar manner, 
except that there is only one anterior opening (nephrostome) ; and 
the part of the body-cavity iuto which it opens, and in wliich the 
glomerulus lies, becomes completely constricted off, so as to form 
■what is practically an enormous Malpighian body (fig, 173, c). 




mUait at Uh bodl. (JJUr OSulI B. blacnin iUurtrmtlna Uia pu-tlal l»IU>ot> M 
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The same arrangement occurs in young larvje of the Ganoid 
Lepidoat«us (Balfour and Parker), except that a tubular communi- 
cation with the body-cavity (fig. 173, D) is retained for some time. 

It U Uinally atatod that in romo Teteoits the head -kidney (pronrphros) is tb« only 
Mcretory ormn of the adult ; in moat it occnra together with the WoKBan bodf 
(meaobophm), and iu a few it diaappean a]togstb«r. Bidrailr, howsTer, hai iboira 
that Id oortiia typical forms (and tfaercfon probably in alll tbe pronsphrot, wban It 
psraitU, Io8Ba its excretory function and degensnlBi into a lymphatic gland. !■ 
thoM apecialised Teleoata {e.g., Lnphina) in which lbs pronepbroa onljia suppcMd t« 
occur, the meaonephrDshas prtibably been mjataken for that organ. Weldon nggtHa 
that tbe head-kidney of Teleoata may be regarded u a auprarenal bod/. 

The pronephros occurs in all the Ichthyopsida, except thv 
Elasmobranchii, but only functions during a period intenremog 
between hatching and the attainment of full maturity ; in other 
words, the pronephros is always a larval organ, and nerer coa* 
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atitutes an active part of the excretory system in the iidult state. 
It is either absent or imperfectly developed in those types 
(Elasmobranchii and Aniniota), which undergo the greater part 
of their development -witiiin the egg or before birth. 

In the Elasmobranchs the segmental duct arises anteriorly as a 
solid ridge of cells from the somatic layer of the intermediate cell- 
mass. From this ridge a solid colunm of cells grows hack to the 
cloaca without coming into contact with any neighbouring struc- 
tures. A central cavity or lumen soon appears, and the duct 
opens widely into the body-cavity anteriorly. 

The development of the pronephros has been most carefully 
studied in the Fowl. In this form the segmental duct arises as a 
solid ridge from the parietal mesoderm, just ventral to the muscle- 
plates. The ridge, which extends to five segments, is constricted 
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off at intervals from the intermediate cell-mass, but remains 
attached at certain points. The duct grows backwards aa in 
Elasmobrancha. The further history of this duct will be described 
later. The pronephros extends in the Fowl over the seventh to 
the eleventh segments inclusive, the most anterior mesoblastic 
somite behind the auditory involution being counted as the first. 

As the pronephros is the first part of the excretory system to be 
developed, and often is the sole excretory organ for a considerable 
period, it ia usually concluded that it and its duct (the segmental 
duct) are the most primitive parts of the vertebrate excretory 
syatem. The mode of its development in the Amphibia may also 
he regarded as primitive, especially since Shipley has shown that 
the anterior portion of the pronephros of the Lamprey develops in 
a similar manner. 

2. Ueaonephros. — The Wolffian body or mesonephros is largely 



2*3 



TllE STUDY OF EMIIKYOLOGV. 




developed iii all Vertebrates, but it does not persist as an excrotoiy 
organ in adiUt Amuiota. 

The mesonephros consists of a number of serially arranged 
primary tubules, segmental or WolQian tubules, which may bs 
segmentally arranged (Elasmobranchs, some Amphibia, and at 
first in Eeptiles), but usually a variable number of tubules are 
formed in each segment. I'^ch tubule opens ou the one band into 
the segmental duct, and on the other into a Malpighiao body. 
The latter sometiraea (Elasmobrauchs and Amphibia) communi- 
catea with the body-cavity by a short tube (peritoneal funnel). 
In addition to the primary tubules there may be an inconstaat 
namber of dorsally placed secondary, tertiary, &&, tubules, which 
correspond with and are developed fixim tlie primary tubulea. 




These dorsal secondary tubules resemble in their structure the 
primary tubules, and usually open into the latter just before they 
enter the segmeatal duct In the larval Amphibia only, the 
secondary and other tubules are known to have peritoneal fanneU 
arising from their Malpighian bodies. It is worthy of nat« that 
the nephroatomata are connected wiih the Wolflian tabolea in 
larval Anura, but that later on they become separated from them, 
and open into the renal-portal vein [Wiedersheim]. 

The primary Wolffian tubules are usually stated to be derived 
as solid ingrowths from the peritoneum towards the segmental 
duct ; but Sedgwick has shown that in Elasmobrauchs they have 
the following development It has previously been stated (p. 212) 
that the muscle-plates of Elasmobrauchs are dorsal extensions of 
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the body-cavity, which become cut off (fig. 1 50, m.jj) by the coming 
together of the somatic and splanchnic mesoblast The continuoua 
non-segmented band o£ cells connecting the non-segmeated muscle- 
pistes with the peritoneal epithelium being known as the inter- 
mediate cell-maaa. Sedgwick found that the passage connecting 
the body-cavity with that of the niuscle-platea persists for some 
time. Its connection with the ventral dilation of the mcacle-plate 
cavity is carried veatralwards as far as the outer dorsal corner of 
the segmental duct, so that it appears as a canal opening into tlie 
body-cavity jnat internal to the segmental duct, and thence culling 
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round its dorsal wall, opens into the muscle-plate cavity. The 
ventral wall of this passage is formed of large columnar cells, the 
inner and dorsal wall of much flatter cells. 

At the next stage of development the passage becomes quite 
separated from the muscle-plate cavity, and now lies as a blind 
tube (fig. 175, st) opening into the body-cavity internal to the 
segmental duct, with which it soon unites and forms a segmental 
tubule. 

Sedgwick has also further shown that in the Fowl, in the region 
of the body between the twelfth and fifteenth somites inclusive, 
the segmental tubes (Wolffian tubules) have a double origin; (i) 



244 



THK STUDY OF EMIiKVOLOCY. 



from outgrowtlia from the Wolflian or sej;meutal duct ; (2) as part* 
of the intermediate cell-mass. 

The intermediate cell-maas la at first continuous with the 
peritoneal epilheliuni ia every section, but this eonnectioD 
becomes lost at certain points and maintained at others. At tb« 
points where the continuity is retained, a peritoneal funnel is sub- 
sequently formed by the development of a lumen extending fiom 
the body-cavity into the intermediate cell-mass. 

The tubules have at this stage their characteristic and veil- 
knowa S-sh.ipe {fig. 176). They consist of the following parts: — 
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(1) The now hollow WolEBnn duct; (2) the outgrowth from it to 
the intermediate cell-maas forming the upper limb of the S ; (3) j 
the intermediate cell-mass with the commencing lumen from ] 
the body-cavity. 

At a slightly later stage (fig. 177, a-c) there is a distinct lumen 
opening into the body-cavity, which is continued behind into the 
part of the intermediate cell-mass which has separated from tbs 
peritoneal epithelium (c, i.c.m). This part will in the next stage 
(fig. 177, E) become converted into that part of a tubule in which 
a Malpigbian body is developed, while the anterior part wil l fono 
a much wider peritoneal funnel (nephrostome). 



the peritowl tmmel «f t^h iih,mi iKiT utAw TW g> Mailm 
iocrasM in sue, aad to 1«R partin Inasi dvsm ftccff intotbt 
body-cavil^ (fig. 177. r,gt). Bkbn the poiai «f th* frwiMt 

iTnmlin iiiftlti Llii^iBlailhi iwlh i<^ Ik [miiliiiwal faaaiil 

beoomes cloae^ thv iIiiii?M|^ tka ^oaenlM isto aa Mfte ri nr 
lower or extend poitiw aad iala a p— teri w apfwr «r latatMl 
poctioD, the IsttB pegwl» as tke ^oaeralaa of Um lialpj{^uaa 
body of the Wolffiaa body. Tha extenal portkn aftonru(b dift- 
appears. 

Behind the fifteenth a^nuot the a^neittal tabolas davakip 
entirely bom the cells of the intenaediate oell-iaasa. At first the 
intermediate ceU-masa is at poiiUa distinctly oootinttoua vith the 
peritoneal epithelium; at otbets it is less so. It soon brakks away 
and occurs as a solid cord of oelb, connected at interrals with the 
peritoneal epitheliom. 

At the next stage the intermediate cell-mass entirely breaks 
away from the peritoneal epitbelinm, and lies as a cellular blasteiuii 
(the Wolffi.iQ blastema) jn^t internal to the Wolffian dacL Tiie 
Wolffian blastema almost directly breaks up into the structure's 
constituting the tirst rudiments of the Wolffian tubules. 

Posteriorly, from about the twentieth segment, tlie intermatiiale 
cell-mass has never any connection with the peritoneal epithelium, 
and gives rise to the Wdffian blastema quite independently of the 
peritoneal epithelium. 

The cells of the blastema group themselves into tubules, one 
end of which forms the Malpighiau body, and the other opens iuto 
ihe Wolffian ducL There appear to be outgrowtlis from tho duct 
to meet the tubules. 

Although the Wolffian blastema esteuds as far back as tlie 
thirty-fourth segment, it does not break up into Wolffian tubules 
behind the thirtieth segment. From the thirty-first to tho thirty- 
fourth segment it undergoes a dtfTereut fate, and is kuown as the 
kidney blastema. 

In the aotarior region of tlia uiuaonopliros tlioro »ppoars to be onlj one primary 
taljale (Wolffian tubule) for each su^jmuut of tho body, hut tho uutiihor [iioreuM u]i 
to tbo twentieth (counting from tlio auditory iiivolution). All the (nj^iiient* ttom 
tha twentieth to the thirtieth incluaire contain fire or «ix primary tubuloi. 

The secondary or dorsal tubaloa are stao mora numerous behind than in front, ths 
most anterior Hgmont being about the ttrebty'tirsL Some pnioiry tubule*, aooard- 
inf( ta .Sedgwick, have u many ai Tuur aocondary tubulu ; thu« In tlw Iwsiity'elKhth 
Mgment there are twenty seoondnry tubules llive leti o( four). 

Balfour hu showu that the secondnry tubule i^(t«velu[> In lClaiin<jbriin<iIiii In con- 
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nection with the Malpighisn bodies of tlio primarr tnbulea. A procMa from ob« 
Malpi^hwD bodj growi fornanl aud uoitui with tha precoding tubole jiut before it 
cDtere into the Wolffian duot. The *tslk of origin degrades into a fibrous band or U 
nbortcJ. Tlio tortiarj', ic, tubules prubab]/ arise from the same rudiment. 

Tbo Mcondary Mslpighian body ii produced in the Fowl, according to Stdipridc, 
bj the division of the primary glomerului into tnro parts, the upper one fonoiag tba 
seuondary and the lover the priniarj glomerulus ; and by the simultaneous doTslop- 
mcnt of L-erlaiu folds nhicli separates the doml secondary tubule from tka T«Dti«l 
primary tuliule. 



The somewhat later origin of the posterior tubules of the tneso- 
nephros in the Fowl, nnd their development from a blastema, U a 
distinct apx'roach towards the mode of origin of the metanepbtos, 
now to be described. 

It appf^ars to be probable that in the Teleosts and Amphibia 
the segmental tubules of the mesonephros develop in sUu from a 
blastema analogous to that in the posterior region of the Fowl. 
The tubules subsequently acquire openings into the Wolffian tube 
on the one hand, and into tiie body-cavity on the other. 

3- Uetanephros. — The kiduey proper or metanephros, as a gland 
distinct from the mesonephros, only occurs in Amniota. In dis 
Fowl it develops from a blastema which is at first perfectly con- 
tinuous with, and indistinguishable from, that which gives rise to 
the posterior portion of the Wolffian body. Although the kidney 
blastema arises at a comparatively early stage in development, still 
it is not till a much later stage that it shifts its position and iK^ins 
to show signs of developing into the segmental tubules. This 
retarded development is analogous with ihe late appearance iu 
Amphibia of the mesonephros as compared wiih the pronephros. 

The first distinct structure to develop is the ureter, which arises 
as a dorsal outgrowth from the hinder part of the Wollfian ducL 
The ureter grows forward in close connection with the above- 
mentioned blastema, which has by this time broken away from tL« 
mesonephric blastema and assumed a position dorsal to it (fig, 
1 78, c). 

Thu metauephric blastema extends in the Fowl from the tliir^- 
first to tlie ihirty-fourth segments, and collects round swellings oCj 
the ureter from which kidney tubules grow out. These tub 
burrow into the blastema, and they are increased by segregatjoo of^ 
the blastema cells. 

The ureter soon loses its connection with the Wolffian duct, 
and acquires an independent opening into the cloaca. 
The primitive continuity of the metauephric with the mesonephric 
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blastema, together with tlie general similarity of the development 
of the renal tubules and the identity of their adult structure, proving 
that the metanephroa is merely a special portion of the primitive 
Wolffian body, which develops late. 

The acquisition by the posterior portion of the Wolffian body in 
some Elasmobranchs and Amphibia of efferent ducts opening into 




tbe urogenital sinua or into the extreme posterior end of the 
Wolffian duct, is, as Balfour pointed out, a definite step towards 
the fortnation of a metanephroa. According to Mikalovics, the 
meaonephros remains functional till the second year in Lizards, 
and thus is functional > me time as the metaiiephors. 
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Sumnutiy of Uis DevelopiafliLt ol tba TerUbnta Ezerclory Orgkn.— Frtnn lii* 
invcatiRitiona on the Jcvclopiin^nl and pliylogen; of the vertebrate etcrttory orgui", 
SadgviiL'k hu arriTeil &t the folloniiig concluaions. For the ficU and &rgiim«nU 
upon which they are hued, recourse miut be bad to hU papen. 

The proDephros attuoi ■ functional development in all Um IchthjrDpaida (eznpt 
the Eliumobranchii), but usoallj only during larval lifa. 

Tbe aegmental duct arises Grataa a ridge from tba parietal [lerilolielllil. TU* 
ridgB UBUally contains a diverticulum from the body -cavity, and ii contintiOBaly cbd- 
stricted off to form a dacL 

Except anteriorly, wbere the constriction only takes place at interrali, IcAring tlia 
openings of the pronephros [except iu Teteostei, where there ii only one o[iaiutig>i 

Ttiese openings con^spond in number irith the segments which the pconspklM 
occupiea. 

A vascular structure, called a glomerulus, is fortnod, projecting on Mok dde of Um 
norta into a special dilatation of the anterior part of the body-can^. (llyx{«* 
forms a peculiar exception to this otherwise universal fact) 

This dilated part of the body-cavity may become partially or completely Mpualad 
off to form a capsule, into which the glomerulus projects and the anterior end of Un 
•egraental duct opens. 

The development of the pronephros in the Fowl ia essentially identical with tba 
above, except in the absence of a continuous glomerulus opposite the nephnatonutta : 
but that in the Elasmobrsnch is greatly aiodiBed and reduced. 

In those animals which possess a functional larval pronephros, the mMonapbro* 
develops from a blastema ; this is undoubtedly an abbreviated method. Tha big- 
ness and conseiiiient modiEcation of the development of the mesonephroa in tbiaa 
Ichlhyopsida is due to the fact that the larva already poaaesaed a ftmctiona] •■• 
cretory organ, and devoting all ila energy tn developing those organs which it will 
rrally regniru as a larva, it leaves over the development of the organs not *o required 
until later; and in order that it may not be burdened by useleaa organs, the cells, 
which will give rise to the tubules, are so reduced as hitherto to have eacapfd 
observation. If the phylogenetic order had been adhered to, these cclla would hare 
arltsti qnite early in embryonic lire, and from tlie parietal mesohlast in the nornul 
manner. In the Amphibia the mesonephroa increases in size and complexity with 
the growth of the larva. 

On the other hand, the mesonephric tobnles develop in what ia clearly a mora 
primitiva manner in those forms in which the pronephros is funcUonleaa. Is 
Elasmobrancba, and in the anterior region in the Fowl, the tubules are practically 
persistent tubular portions of the body-cavity (since the intermediate cell-maas Is a 
continuation of the crelomic epithelium), which soon aciiuire an opening into the 
segmental duct. The early diecuntinuity of the tnbulei with the duct ia, however, a 
secondary featare. In Birds a segmental glomerulus is developed in connection with 
each nephrostoma, part of which is converted into the glomemlns of the Maljughlsn 
body. In Ebamobranchs only internal Ualpighian bodies are formed. 

It may fairly be assumed tbst the Wolffian tubules were primitively ■agmaDlally 
arranged [as still occurs in the development of Elasmobranchs, Cncilia, and at Brat 
also in the Litard). A shifting of position hs^ however, occurred, probably futlf 
owing to the shortening up of the organ, so that the number of tubnies may exceed 
that of the aegments over which the meaoDophros extends. Tba nnmber of taboUa 
in a Mgroent usually increases with the growth of the embryo, and at the suae time 
tlie organ is complicated by the development of secondary tubules. 

In Itirds the pronephros ia continuous with the meaonephroa. The dlacMltJnQlty 
in Amphibia is due to the causes mentioned above, but It nuy not rwlly be m> fttat 

The segmental tnbnloa of the Icbtbyopaidan pronephros open into • special iiowi 
of the body.cavity, into which the elongated glomerulus projecti (fig. 173) i imma- 
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caaigmnain of figi. IT3->IT. ""Ul ■i'm<»- 
ttntt that the iBtsnedata full w— I wnwffwiL to Om n^oa. It ku bnn k)m«ii 
that ia Biidi the pmtnMal baneK t^ Malpi^iiBB hoif, maA m pottiw at l«ut of 
the Duaonrphric tnbnhs are deiind fann th< iatMxaadJtte mD-Mmm. TW UtMWl 
■nd inlcnial Riomcmlt of th> Ariaii Valffiaa tioiij an iten^ofad. ftow Ika «»• 
region, and lU the tteoo^tjj ^omenili an derind fram tb* iatwiMl glaaMratai> 
The intamal gtoniCTtili of EUBD(>bml(^U* an clotrlr homologous viththoMof Bitvtfc 
According to thU riev, ■ Ualpighian body is to be regardml as an Ui>)«(«J )i«Kio» of 
the body-caTily, cooiparmble *rith the condilioo Khich obtaini ia lb* Tal«o>tf«u 
pronephroi. Therefore the meaoDcphros, in all particulara. u tuerelT a nuHinualioii 
postenorly of the primilire Tertebrat« excretory organ, whipfa, (or Tarioua rMoui*. 
hu icquittd a more or lesa independent and modified origin. 

What applies to the mesoDephroa also liolda (^xid tor the iiiatancphroa. Tha dta- 
tinction of the latter organ from the fonner is more apparent than rMl, ai SnliTKick 
hai fully dennmitnted. As a matter of fict, the tubiilea of the hinderuioit reiilou ul 
the mesonephroa develop in an almost similar manner to those of tbe lnetan«|>hniB. 
Vi'e hare therefore a complete series in the mode of orj^u of the exorolory tnbulm, 
from the primitive conditioii in the pronephros of Amphibia to the modlfldl iiicthwt 
bj the rearrangement of the cells of a blastema, u occiiii iu the inatauaphroa of 
Amuiotes. 

From the foregoing brief snmmarj it will bo seen that tlio nxcratory orftaul of the 
adult are asnally developed from the walls of the body-cnvlly lii the liivertebrala and 
vertebrate CuelomsU (and therefore the same possibly occurred in thn lower Ohonlatat. 
It most Dot, however, be rashly concluded that these orKSiiH atn iinouenrlly hiiiiiii' 
logoua. It is possible that a similar and homologous alinplo renal (irgait (arrhl 
nephridinm) occurred in the unsegaientod vemiiau Dneestora of the Clii»to|iudN and 
Chordata; but the segmental organs of the otio are probably hoiiiojilaatlo, valtiar 
than strictly homalogous vith tha segmental tubulaa of tha otlier. 

It it temptbg to regard the origin of the Ncmertean Dioretury or^li, aa deanl'llwil 
by Hubrecbt, as a degenerate form of the production of a triia boly'iiavlty (i"sl'iiii| 
by archentoric diverticula, which, in this case, solely davelop Into na]dil'lilU. If 
this be granted, a further step may be taken, and, aeeoptlriK Ualil'l auciuiilili i)F I hi> 
development of the HoUuscaa excretory organ, we may aaaiitna llist ilia ruriiinllva 
celts of the mesoblaatic vesicle actually arose Trom thn archaiitarnii. Hliiiilld lUla 
prove to be the case, the Ualluscan iiephridin would lio coiii|Hira1>la wllli llmaa uf 
the majority of other animsls. It is also difficult lo hellava tliat tlia iliilliiaiWIi 
pericardium is not a true oxiomic calily. 



Epiblastic Origin of the Segmental Daot, — Kiriuo Ujo aliovu 
account of the development of the vertnlfruti! f.xtiTaldry •ijiUilti win 
in type, a pTeliiuinary note by Von I'er<juyl Lim ap[Hiui'a<l, 111 wliluli 
he contiriDs and extends the diwovery of tliu ujillflulin origin iiT 
the segmental (archinepbric) duet H«rjs«n, dmt Hjmh, itiiil Kluiii- 
ming have demonstrated that io Uu Jttfl)l>it aixl (iuliiuK'plK lliii 
primitive nepbric doct (probably not Uw w)iuli« timrii^iry nynlHiii, 
as ttiey assume, althon^ without evuletiM Ut nuinnitt l\mui) M\tn» 
by delamination from the eptUaat ftt tii» I«v«l ut l\m IfilmiiiuilliiUi 
cell-mass, with whidi it Uut beconiM tmtMiUUfi. AILutwuMli 
Van Wijhe found the Maw held fooA tar VU»»^)^tfmu^m, mu\ \m*\, 
recently Von Per^yi Mierte that la tb« K4ihUi Vtu^ llw MgirtaMiRl 
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duct develops as a canal-like splitting from the kner (□errouj) 
cell layer of the epiblost, and quite close to the place of origin of 
the developing somites. In the Lizard, also, it appears as a thick 
cell-mass separating oQ' from the epiblast. 

Therv oiii now be little Jnubt tb»t tha legnieiital dact arise* from the vpCblaaL 
Thii diKcoTer; will necewAcilj leRd to m modiflcfttlun dI our vium ooaEenuDg On 
morphology of the vertebrate excretoi? organ*. 

The ■egmental ti)bul«> tn^phridia) ■ppeor to be itrictlj lueMibUitio, uid tfae kb(<«« 
account of their development may be taken ae prubably being fairl; MOumlA Tb« 
origin of thcM nephcidia may hare been primitively eimilar to thoea (Mgmmtal 
organa) uf the Chietopod Worms, the main diitinctioo between the two being that 
each nepbridium of the latter opens directly to the etterior. A* hu been BlmHlf 
■talad, Uatechek hu <!eBoribed a single Depbridium in Ampbioxna in all ntfMlBmi^ 
parable ivitb a vermiaa nephridium. 

We have, then, odIj to auume that a pair of siinilar vermian nephridl* MUWiad 
In each body-segment of tbe ancestral VeHi^brate, and that tbs ne[AttdEk ol Mck 
side of the body U[wucd eiLtrmiilly iutu a lateral groui e. It would farther <ml; ba 




neceisary for tlie groove to dcupen and next to form a canal {in the same i 
tbe nearal groove is cun verted intaacunal) to bring about tbe vertebralo ai 
Thus in Vertebrate*, as in Invertebrates, the iiephiidia open by epiblaetio porvs, but 
in tbe former the area up<in wbicb they open is precociously converted into a canal, 
which aubaequenll; noquiree a sooondar; opening to the exterior through tbe doacb 
As tve are justified iu assuming the persistence of tbe blastopore ai tha anns ia 
early Chordata, the uepbric groove, if it were continued behind round U> Uw auu^ 
would practicaUy open into tbe extreme hinder end of the meaenleran— In otker 
wordi, into the uroJiBum. Probably about tbe same time that the owphrie groove 
was being converted into the nepbric canal (aeginental duct), the proctodnum was 
being inviginated. The latter would push before it the posterior oriGce Of thm 
nepbric canal along with tbe primitive aatu (blastopore). Ou the hypathem joat 
sketched oat, the nephridia of Vertebrate* always open by their original epiblastie 
pores, primitiTely directly to the exterior, secondarily into a csnal separated rrom Um 
epiblast ; also the archinepbroa could be eijually elTectually fuactional Ihlvagbont 
the wholu iirriud of its moilIIJL'slLou. 

Urogenital Ducts of Vertebrates.— For the sake of simplicity 
the duct^ of the Vertebrate renal organa have beeu referred to as if J 
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solely connected with those organs ; as a matter of fact, tljey become 
intimately connected with the generative organs. The modifications 
which occur in the glands and ducts of the primitive excretory 
system of the Vertebrates may be regarded as being largely due 
to their secondary connection with the generative organs. 

Segmental or Archinephric Duct. — The development of the 
segmental duct has already been described. For the sake of 
clearness it has been assumed that the segmental duct functions 
first as the duct of the pronephros, and secondly as that of the 
meaonephros. This is not, however, exactly the case, as in most 
cases there is a horizontal division or separation of the duct into 
two tubes, A ventral tube is termed the MiiUerian duct ; while 
the dorsal, from its association with the mesonephros, is known 
as the mesoncphric or Wolffian duct. 

MiiUerian Duct. — The two ducts are formed in Elasmobranchs 
by the splitting off from before backwards of a nearly solid cord 
of cells from the ventral wall of the segmental duct, A very small 
portion of the lumen of the segmental duct may perhaps be con- 
tinued into the MUlIeriaQ duct The latter soon grows in size, and 
forms an elongated tube in the female quite distinct from the 
Wolffian duct. The longitudinal separation from the segmental 
duct occurs in such a manner that the whole of the anterior 
extremity, with its peritoneal opening, belongs to the MiiUerian 
duct, which now forms a complete tube opening posteriorly into 
the cloaca and anteriorly into the body-cavity. In these forma 
the single, primitively solid, pronephric tubule persists as the peri- 
toneal opening of the MiiUerian or oviduct of the adult 

The development oE the MiiUerian duct in Amphibia is very 
much the same as in Elasmobranchs. In the Salamander the 
MiiUerian duct is split off from the segmental duct behind its 
anterior extremity, and acquires an independent opening into the 
body-cavity slightly behind the pronephros. UnUke what occurs 
in Elasmobranchs, the undivided anterior extremity of the seg- 
mental duct with the pronephros retains its connection with the 
Wolffian duct. 

In the Fowl, Balfour and Sedgwick have shown that the anterior 
end of the MiiUerian duct arises as three grooves connected by an 
internal thickening of the peritoneum of that region. The thicken- 
ing separates as a soUd rod of cells, which, before long, acquires a 
central lumen. The whole structure now consists of a short tuba 
opening anteriorly into the body-cavity by three short ductules. 
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Posteriorly the Miillerian duct 13 closely connected 
segmental duct The backward growth of the MiiUeriaD duet 
takes place at the expense of a thickening of the ventral wall of 
the segmental duct. In other words, the avian Miillerian dnct is 
formed posteriorly by the splitting of the segmental duet, as iu 
Elasmobranchs and Amphibia. The permanent abdominal openiog 
of the Miillerian duct (oviduct) corresponds with the anteriw of 
the three grooves, the two posterior grooves disappearing. 

Bslfoar ngnnled the tliroo p^iitoDeal TuDneU uf tlie MUUerUn duet il tba Mlt 
repreeonUtivB of the hesdkiJney (pronephnu) in the Fowl. Sedgwick itUl >i1hT»i 
lo the etrlier published view as to the meHoing of the pMuliir Kmetun* ftt tha 
anterior end of the Millliiriun duct, but uuppoua them to hare been tlerired tram 
the aaterior part of the eicrutor; gystum attar tU modification to form the 
pronephros. 

Tlie tubuloB ot the Miillerian dart of the Fowl arise behind the utsrior «nd of 
the aegmental dnct, and therefore tQare or less posterior to the pronephroi^ In 
Amphibia the single (solid) tubule is aitnated behind the proncphroA In both cmm 
we must assume either that the Mullerian tubules are modified and backwardly- 
shifted pronephrit tubulea, or that tlicy belong to the region between the pronephra 
and the mesonephros proper. In any case, the Mutlerian dact is split off IVom tlu 
segmental dncL Further researches may modifj the account givsn of the denki)- 
ment of the pronepliros of Elasniobrauchs. 

The Miilleriau dnct opens at the anterior end of the body-cavity 
in the lower Vertebrates ; in Elasmobranchs, for instance, the 
conjoint orifice of the two ducts is situated on the ventral wall 
of the cesophagus just behind the pericardium. In the higher 
Vertebrates the Miillerian ducts are situated in the posterior 
abdominal region. The hydatid (fig. 1 8 1 , a, h') which is sometimes 
present near the ca'lomic orifice of tiio oviduct is probably a 
degraded rudiment ot a primitive tubule. 

In those Ichthyopaida wliich possess them, in the Sauropsida 
and in the Ornithodelpbia (Monotremata or Prototheria). the pairvd 
Miillerian ducts (oviducts) open into that portion of the cloaca 
which is knowD as the urogenital sinus (fig. 179, A). Occasionally 
only one oviduct may be developed; in liirds it is usually the ri{ 
which atrophies. 

' The Didelphia [Uanupiala or Metathcrin) bars a mollification of llieir UaUeriu 
ducts, which is very diOercut from that uf other Mammals. It may be hero 
tioned that three regions are distinguishable iu the Mullerian dncta of theae 
higher Mammals— an anterior or distal narrow tube (Fallopian tu!* or "ouidoct"), 
which opens into the body-cavity by usually fimbriated lips ; a median awollsn ntanu^ 
■nd a posterior or proximal Tagina. 

Iu the Didelphia the Mullerian ducts with their t1ire« regions are at fint psr^i 
tectly distinct, and practically remain so ; that is. there are two vagina, ntefi aB4( 
Fallopian tubes. Later, in the young, Ilia anleriot idiaial) ends of the vagiiut 
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a|i[inHii:li oDe anotlier ; at ibo ['oiiit nhcrs tlioy taucii tliey form a median sac, 
"liicli grows bockwardly towardii llio urogpnital siima. At first tlija vngiiml cosoum 
is a double tube, correBpondinu to each Togina ; but the median septnni ia usually 
soon absorbed. At this stage the two uteri open into the anterior extremity of the 
vaglnsl cv^fb-ifu, into the upper end of which the two vaginn also open. The blind 
posterior end of the eiecnni beuomea closely connected with tliu end oS the urogenital 
unua, between the posterior vaginal orifices ; snd, as Fletcher has jiroved, the two 
cavities may eommnnicate even in virgin animals, and they certainly do conininnicBte 
after the first birth, (Unless very exceptionally, there is, according to Fletcher, no 
direct communication in Macropus major betneeu the vagiusl ciecam and the uro- 
genital sinus, even after young have been produced.) 

In the Monodelpliia (Eutheria) the MiiUerian ducts fuse -witli 
oue another to an increasinfi e.xtent from behind forwards. In 
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all there is a single vagina, but in some of the lover forms, e.g., 
Kodents, an imperfect vaginal septum may be present. Usually it 
merely divides the orifice (os uteri or os tincse) of one uterus from 
that of the other (fig. 179, e). In such forms the uteri are quite 
distinct. 

In other Mammals the uteri come together, and by concrescence 
form a common uterus, which also, in some cases, possesses a short 
median septum. In these forma there are paired cornua uteri 
opening into a single corpus uteri, which communicates with the 
%-agiDa by a single os uteri. 

Fig. 179 illustraCes various forma of uterus met with amongst 
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tlie Eutheria. In the most specialiaeil case, as in Man, Uie utenu 
(h, ut) has a pyriform shape, and the Fallopian tubes arise abruptly 
from its anterior corners. 



?ar in the human utonu, which 
iiediLn Kptrtm may paitultj or 
lea may be similarly diTided (fig. 



It \» intereBting to find that BDOlnalieH may c 
niilsLnte the evolution of thut organ. Thus a 
wholly extend along tho utorua, and the vagina 
IT?.")- 

The MuUerian duct is rudimentary or entirely absent in the 
adult male. In the former case it may be represented by a solid 
cord for the whole of its length (Dipuoi and some Amphibia, fig. 
l8o. A, mj), or ouly the anterior portion may remain (Elasmo* 
branchs and some Lizards), which degrades into the so-called 
hydatid of Morgagni in Man (fig. iSr, b, vi). The post«rior section 
is usually stated to persist as the uterus mascutinus (tigs. 183, tli. k, 
1 84), present in many Mammals, and especially large in the Itabbit 
and the Horse ; but KoUiker now believes this structure to be • 
derivative of the Wolffian duct. 

The oviduct is normally present as a complete duct in the raalea 
of the Dipnoi and of soma Ganoids [Aycrs, Wiedenheim], and 
abnormally iu Lizards [Howes]. 

To recapitulate ;— The aogiiiental duct is the duct of the primiliTB TftTtcbnto 
excretory organ. The [jronegiliros was either the sole excretory organ, or it hoa coma 
to be the only fuDctianal portion of tlie kidney in free-liriug larval fomia, oving to 
the retardation of the posterior region oF the primitive eicretory organ. At all 
eventa, the segmental duct at first fuactiooa aa the pronephric duct. 

One or mors of the tuhules in the anterior region of the primidre kidney acqoirt^ 
the office of carrying ova to the exterior. Thi) probably occurred after l!i* fall 
davelopment of the pronephros, and in the ititorniodiate region between it and the 
moaonepliroi. Poaaibly at one tiius the segmental duct conveyed ova to theeiterior, 
together vith aecretiona from both pronephro* and moaonepbros. 

From certain cauiea the prooephroe atrophied or changed it* function and btoun* 
a lymphatic gland ; the segmental tab« then carried ova and mcMDephric tecTetiooA 
The duct gradually became constricted in auch a manner that the Ova tvera eourtyti 
in a voDtral groovo, whioli subeeqnently waa con'rerted into a canaL 

In some such manner the acgmental duct may have differentiated into t rantnl 
MuUerian duct or oviduct, and into a dorsal meaonephric duct or Wolffian dort. 

Wolffian Dnct or Mesonephric Duct.— In those forms (Ichthy< 
opsida) in which the mesonephros remains functional throughout 
life its duct naturally persists, although it also acts as the efferent 
duct of the generative gland in the males of the Elasmobraucbii, 
Leptdosteus, and Amphibia. 

Branches grow out from the anterior (three or four in Elasmo* 
branchs) segmental or Wolffian tubules (though probably not frc«n 
their peritoneal openings — Balfour) and enter tiie testis, vhers 
they form a longitudinal canal (fig, 180, a). Tliese branches, 
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e£ferentia, convey tlie semen to the Wolffian botly after previous 
iiniting into a longitudinal ciinal, (the longitudinal canal of tlis 
Wolffian body) (6g. 180), Branches of this so-called testicular 




'xu&l pOTttan of hfilney {wop- 
I, mHimlul duct In mile. A, 

— ,_- ^_^ mdlbeDtuT In nujff. m^'^ 

3; Ot-paivaeHmpaturBotowiduet: Oc. 

itu Mi> iDnslludliiKrcuiJ It) ol Oia Wblfflu 
tij \n.Mitttaais,B. 



MDlMl HalliiTtui dut. m 



network enter certain Malpighian bodies, and the semen is thence 
carried by their tubules to the Wolffian duct. 

The anterior or sexual portion of the Wolffian body in the male 
is rudimontary so far as excretory purposes are concerned, and, as 
in the male, a functionleas rudiment of the Miillerian duct ia 
present, bo a rudimentary testicular network is developed in the 
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female Urodelea (iij;. i8o, b), and the anterior portioa of the Wolf- 
fian body is also feebly developed. 

la the Elasmobrauchs and Amphibia the collecting tubes of tb« 
Qon-sexual posterior portion of the Wolffian body unite together 
to form one to two primary tubes (ureters) before entering the 
posterior extremity of the WolESaa duct. Thus the WolflUn tube 
acta as a vas deferens, and the posterior portion of the mesonephnia 
is practically an incipient metanephros. 

In the males of the Amuiota, tubules grow out from certain 
anterior Molpighian bodies of the Wolffian body in the embryo, 
and come into connection with the seminal tubuli of the testis. 
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Wiih the eiception of two or three, these tubules become detached 
from the Wolffian body; those that remain act as vasa eETerentia 
(coni vasculosi of Mammals). Several rudimentary outgrowths 
from the Malpighian bodies may persist as hydatids or as vasa 
aberrentia (fig. i8i, b, v.a). 

The Wolffian duct in the male Amniota ls transformed into the 
vas deferens ; its anterior portion becomes extremely convoluted, 
and forms the canal of the epididymis, the head of the epididymis 
being formed from the testicular network, which, as haa just been 
described, is secondarily developed from the Malpighian bodies. 

In the female rudimentary structures of a similar nature occur 
(Bgs. i8i. A, k, v.a); tlie anterior tubules form hydatids, the pos- 
terior degenerate into solid cords. These structures are collectively 
known as the parovarium (epoophoron or Rosemuuller's organ). 
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The Wolffian duct more or leas disappears in the female. In 
Snakes and several Lizards the posterior portion may remain as a 
email funclionleas canal, and in some Mammals (Pig Kuminanta. 




Fox, Cat, and some Monkeya) the middle portion may persist as 
Gaertner's duet. 

The posterior or non-aexua! portion of the Wolffian body de- 
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grades into the para-epididymis or organ of Giraldfea in the male 
(flg. 184, w), and into the paroophoron in the female (fig. 185, w). 
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OennatlvB Ihiati of Chutold* uid T«IeoiU.— Thei« an uot at pnuot niSraent 
i3at& npon which to Hnlisfaclorily itelermiixi thu homolo^ of th« Teleoitean ovidaot. 
Rathfce^ Balfour, sod Huilcy have danion>tnl«d tliat tha TsleoaUi form kd utntna 
of the Ganoid uries, and that tlic oriduct of lbs Siselt (Osmenu) ii in tTwy ««J 
identical with that of Amia. Some Teleosti, auch aa the Salmon, bars no otidud, 
tbiir ova dehiacing into the body-oivity to paas to the vxterior through tba abdomi- 
nal pore. IluxJey poiuli oat thnt in the Starg«oo> (Sturioe) and LejiidMUn* iha 
renal ate much wider than the generative ducta, and the communication bttwacn 
them ia effected far in ttont of the eiteruut aperture ; whilfl in Foljptemi and Amis 
tba OTiducts are wider than the uretera, and they communicate nearar tba aitcnial 
opening ; in Oamerua tha common aperture of the oTiducli )iea In front of tit* 
opening of the nr«tar ; and laatly, iu the Salmo the abortion of Iha ovidueta, coto- 
uienced in Osmeroa, ii comptuteili and the to-calted "abdominal pore" i* tha homo- 
lajpia of half of the uro^ienilal opening of tha Ganoidi, and hia nothing to do witb 
the "abdominal pore*" of thasa fi*h and of the Salaobiaua A){Binat thia view mwt 
be placed tha fact, diacovered by Rathke and confirmed by Bridge, that in Moiuijnu 
oxyrhyucbua the ordinary generative ducts coexiit with abdominal porei. Tbera it, 
uu fortunately, no complete account of the deTelopmeot of the Ganoid oviduct i it M 
poaaible that it repreaanta, in [«tt at least, the MuUerian duct of other fonna, but 
Balfour has auggeated that it ia a modified legmetital tubula of tho meaonsphroai 

There ia alto great uncertainty concerning the nature of the duct of the teati* la 
Telenets. What baa been uid above for the oviduct also applies largely to tin 
clferent duct of the leatia. Balfour has proved that the anterior portion of tlw 
WoLffiui body ixx I^pidosteuB ia connected with the testis a> in ElaaaobWMbfc Mrf 
thus in that Ganoid the Wolffian duct (unctiona aa the vaa deferens. 

Weber, who haa very recently inveatigated tba subject, haa come to the eoadnaba 
that the genital pore in female BaliuonEdB i> the bomoloKue of that of other Tabontei t 
it cumniunicatea with a pair iif peritoneal funneli which upcn widsiy into tha bodj- 
cavity. These may in some inatancaa extend forwarda close to the ovary iMallotD^ 
Oamerus). The peritooeal funnels are inoonipletely homologoui with the ovidocta of 
those Teleostei with aa-calUd encloaed ovaries, and neither an hDmalo|;uus with the 
oviduota of other Vertebrates. In the male Salmonidn the vaaa deflereatia of tba 
testes open to the exterior by a pure cummon to the ureters, proeisaly a* 1b otkwr 
TcleoateL In old Salmouida, in males aa well as in female*, a pair of true i 
porea occur, a pore boing iituated on eaoh aide ol the auua. Tbey are not 
In the evacuation uf ova ; in individual cases one or both may bs abaeoL W*bef 
coQiideni these abdominal pores aa mdimentary stmcturea, perhaps as rem&aota of 
H^mental ducta. He bomologiaea them with the abdominal pon« of Holoecphali, 
Elaamobranchii, Ganoidei, and MurmyridM. The so-called abdominal fan of lb* 
Cyoloetumi and Murenidu may be compared with the genital pore of the Salmoiutla 
and othet Teleoatoi ((/. p. 114). 

Metanephric Oact. — The duct of the metanephros or kidnejr 
proper is known as the ureler. At first it opens into the Wolffian 
duct, but it early aci^uires an independent opening into the cloaca 
(urogenital sinus). 

In Sauiopdda and Monotranies the ureters open into the uro- 
genital sinus quite independenlly of the urinary bladder. In the 
higher Matuiuals tlie ureters open directly into the bladder. 

SvpCKrenal Bodi*«.—TIie auprarcual bodies of Verlebrataa were ahowD by BaUoor 
to bavg a double origin. The mBdullar/ aubslanco is derived from an axMUioit *i J 
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the gMglia of tha spnpatlietia sjstam, while the cottlcal snbiUoM is of uesoblwtjo 

WsldoD hu Utelj denionatrated that the corCiul sabsUnM of the saprtreiial bodies 
■riles as > proliferation of the peritoneum, juat internal to the aegmeatal tubates, 
throughout the Khole extent ol tlie meaonephroi. This blaatoma su basque Dtl;r 
iBrrounJa the oatgrowtha from the ganglia. 

In Bdetlostoms. as Weldoa hu shown, the bead-kidney his become moiIiBed so 
ai to folm an organ fniictionallj aoalogaus to the auprarenala ; wliile in Teleosteans 
a most remarkable aeriaa of modification a, affecting every region of the kidoey, has 
been described by Balfour and Emery. 

WeldoD bolda that the same cauaes wliich led to the degeneration of the original 
reaa! pronephros (causes among which the specialisation of tlie pericardium and the 
dsTelopment of tbe air-bladdei and lunga may have playud a conaiderable part), 
the same causes vhich led to Che establishment of the meaooephros as the chief seat 
of renal aecretion, may, and indeed must, have rendered ndvanlageoua the suppression 
of any glandular organ in the pronephric region ; and thug wlicn, in consequence of 
the change of function of the Wolffian duct tDore and more, the mesoiiephros became 
useless as a kidney, it ia easy to understand bow some of its component parts under- 
went in their turn the same change of function as bad bocn undergone by the 
anterior part of the renal organ at an earlier period of its evolution. 

Urinary Bladder.— A dilated portion of the Wolffian ducts 
which occurs in many Fishes is usually termed a. urinary bladder. 
In AnipliiUa a thin-walled vesicle (urocyst) develops from the 
ventral wall of the cloacal section of the mesenteron, and ia 
homologous with the urinary bladder of the Amniota. On refer- 
ring to the mode of development of the Wolfliiiu dnct, it will be 
obnous that the piscine " urinary bladder " is not in any sense of 
the terra homologous with that of the Amniota. 

In the Amniota the urinary bladder is a persistent portion of 
the stalk of the allantois (p. 8i), which becomes converted into a 
vesicle. That portion of the stem of the allantois distal to the 
bladder which remains within the body-cavity after the formation 
of the umbilical cord becomes degraded into a solid cord, and ia 
known as the urachus (figs, 143, 184, 185). 

The bladder opens on the ventral wall of the cloaca in Am- 
phibia and in those Sauropsida ia wliich it persists througliout 
life (Chelonia and Lacertilia). In these the ureters open inde- 
pendently into the cloaca. 

In the Monotremes the bladder opens into the anterior end of 
the urogenital sinus (fig. 179, a, k.s.), into which the ureters and 
generative ducts also debouch. The urogenital sinus or vestibule 
may be regarded as the ]jroicimal portion of the allantoic stalk. 

In all higher Mammals the ureters open directly into the 
bladder itself, owing to the increase in length of the primitively 
short interspace between the orifices of the ureters and generative 
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ducta. This narrow lengthened portion of the urogenital sinus 
is known as the urethra (fig. 184). The urethra aud geueralive 




ducts open into the anterior extremity of the urogenital sinus in 
Marsupials and many of the lower Eutlieria (compare fig. 179). 

Ttiia condition always persists in the male (fig. 184), as th« 
urogenital sinus traverses the penis. In the females, however, of 
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the more specialised Eutheria the urogenital einus becomes mn^ 
shortened and flattened out, so that eventually it is merely 1 
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presented by the space known as the vestibule of tbe viilva (fig. 
185, i8g). In the forms in whicli this occurs the urinary and 
generative ducts come to have independent openings to the exte- 
rior. The accompanying diagrams illustrate the changes under- 
gone in the human female foetus. 

At an early period (figs. 186 and 143, A.) the allantois and Miil- 
lerian duct communicate with the rectum, but not with the ex- 
terior. The proctodieum is next developed (fig. 1 87). and forms a 
cloaca, into which the urogenital ducts and the rectum open. The 
cloaca is then divided into an anterior or ventral part, the urogeni- 




tal sinus, and into a posterior or dorsal portion, the anna (fig. 189), 
by a downgrowth of the tissue between the rectum and Mullerian 
duct, which forms the perineum. At a latter stage the bladder 
forms a rounded vesicle, and the urogenital sinus becomes much 
more shallow. Fig. 188 represents a stage in the male corre- 
sponding to fig. 190. B, before the urogenital orifice has become 
enclosed i 
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Kniuii«ll«i> Ex(«mnl QaiisnitiTe Orsui*.— The external ^QoriLtive orRans of 
the Eutherift devclo|i aa follows 1 — Anteriorly to the clonca ail elevation (genital etni. 
nencBi appears, ami lurroutiding it in front and on esch side is a large cutaneoiu 
[dM (Rg. 190). Tbe Bnua is next uparBled from the urogenital ainuB by tha focmn- 
lion of t!ie perineum. The genital eminence grows rapidly, forming a cylinder. 
which ii grooved on ita poiitodor xurracv ; the two folds of Che groove extend bwik' 
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ward^ M u to lEe b«twHn the Drogenital orilici uid the Urge folili(Bg. 193, a). 8q 
far tha deTelopment U preciselj tba sama for lioth aeiea. 

In the female the genital cmiDence nauatlj remabi comparatirel]' amall, and k 
known ai the cliloru ; its groora becomes leH marked ; the poaterior adgea of th« 
srooTe peniat ■■ the oymphB or labia miaora. The anterior portinn of tha large 
cutaneous fold beromes the mona Teneni, and the lateral foldi fireatif increaie in 
■iia, ao aa, in moat cut's, to euilose the clitoris and conatitals the labia majora. 

In the mala the f^nital atDJoeDc* increaui <n size to form the penia. The margina 
of the groove close over, so as to convert it iDto a canal, the posterior ends at tha 
same time grovitig over the urogenital orifice, so that the atogcnilal sintia is diractl; 
continued through the penis. Tha latsral jiortion of the htrgs cntaneous fold 
unite together behind the penis, and fusing in the middle line, form the Bciotnm — 
the raphri indicating the Hub of junction. In some of tha loirtt Mamtnals ((.^.. 
Rabbit) the acrutal sacs remain diatinct The so-called " uiethia " of the male con- 
siats of three distinct regions : (il the nrethra proper, "proatatie poitian," exlaBd' 
ing from the neck of the bUdder to the orifices oF the rasa defatentia and the ntaraa 
niucnlinns ; (i) the urogenital einua. " membranous portion ; " and (j) Um eana] of 
the penia or " apong^ portion." 

On each side oF the urogenital sinus comspondiug to the large fold is a perforatioB 
of the inaor wall of the abdomen, which is known as tha interual inguinal ring, la 




the male a lae-like diverticulum uf the peritoneum, the procesnis Ta).'inati% paaaea 
through the abdominal ring into the acrotnm, In wme Enthsria tha teste* atvajt 
remain within the abdominal ca*it;, but In others the; temporaril; or partnaiMDtly 
paaa through the abdominal ring, and into the peritoneal pouch within Ih* aorotum. 
Narmall;, in those atiimala in which a permanent descent of the testes oeaut, tkt 
inguinal rings close, and the testia are enclosed within a sernni tao ; when Ihli 
do«* not take place, a portiou of the intestiDe ma; force ilj way llirough the rtof 
into the Bcroium, and t)iua |iro<lucc a hernia. 

Qenerative Organs.— Tlie sexual cells are usually developed 
from a distinct epithelium; the Sponges form an apparent ex- 
ception, as the sexual cells are derived from the mesenchymatous 
mesoderm, which is itself, however, pi'obal>ly solely derived from 
tlie endoderm. 

Weismann and others have recently shown that, aa a rule, Uie 
sexual cells arise from the endoderm of the stolon or stems of tb« 
fixed Hydroids, and subsequently migrate to what are termed the i 
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geaeralivs organs. Tliese latter may be situated within fixed 
(sporosacs) or detachable (medusoids) lateral buds or gonophoras. 
The sexual cells mature in their secondary location. The sexual 
eella of Hydra are usually stated to be of ectodermic origin, but 
the prevalence of the former mode of origin in the marine Hydrolda, 
combined with the fact of the presence of chlorophyll in the ovum 
of Hydra viridis, render it quite possible that a migration occurs 
also ia this degraded fresh-wnter form. 

In al! the otlier Crelenteratea the ova and spermatozoa arise 
from the hypoblast of the mesenteric pouches or canals. 

Lang states that in certain Turbelkrian Worms (Polyclades) 
the sexual cells are developed at the expense of the epithelium 
of the gastric diverticula, that is, from the hypoblast. 

Nothing definite is known concerning the developnient of the 
generative glands of Molluscs. 

In Sagitta, although it belongs to the Coelomata, a pair of 
primitive sexual cells appears as early as the gastrula stage, sub- 
sequently each cell develops into the ovary and testis of its side. 

It is characteristic of most, if not of all the Cfelomata, that the 
generative organs arise from the epithelium of the body-cavity. 
There are no precise accounts of the mode of formation of the 
generative organs, or gonads, as they are more concisely termed by 
Lankester, amongst the Invertebrates. The structure of such 
organs is never complicated, aud the dehiscence of free epithelial 
cells, as iu the case of ova, is not specially remarkable. 

The maturation of the ovum and its acquisition of food-yolk, 
aud the difficult problem of sperm at agenesia, have already been 
alluded to (p. 14). 

In the Vertebrates the germ-cells are modifications of a special 
linear tract (germinal epithelium) of the peritoneum, between the 
mesonepliros and the insertion of the mesentery (fig. 175, p.o). 
The germinal epithelium may project more or less into the body- 
cavity to form a germinal ridge (fig. 178, c). 

It is DOW passible to make a general Btateuii^nt and affirm that in the great majority 
of cases, at least, iha sexual cells Briae from the endoderm (hypoblost) in the 
Acnlomita -, but In those fonns in whi; h the arclienteron is produced into radial 
pouchen, chambers, or canals, the; occur on the walls of such diverticula. 

In Ihfl Ctelomata the ftonads are deyelo]ied from the coiloniic epithelium ; hut u 
tills ia derived primitively from archenleric diverticula, the genorative epitheliuro 
is pratrtically a Iiomologoaa tissue throughout the Metaioa. 

The sexual products may find their way to the exterior by very 
different means. In some cases it is by the rupture or destruction 
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of the parent ; they may migrate through the parental tissues, or 
dehisce into the body-cavity. 

From the body-cavity they may pass to the exterior through 
abiiominal pores (Cyclostomi and some Teleosts), or be conveyed 
by more or less modified nephridia (Chsstopoda, Gephyrea, Brachio- 
poda, Mollusca, and some Vertebrates (see p. 237). 

External generative or copulatory organs occur in the higher 
members of many groups, to render more certain the fertilisation 
of the ovum. 
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(JENERAL CONSIDEKATIONS. 



Complexity of Embryological Phenomena.— The pher 
of Embryology are of a very complex nature, owing to abbreviation 
or precociousness in the development of certain organs, and in 
the occurrence of a series of transformations which iiave reference 
solely to the ancestry of the individual, the latter often bearing no 
discernible relation wiiatever to the adult condition. 

The irrelevance of these metamorphoses to the adult state is in 
some cases emphasised by the fact of their suppression in certain 
members of a group, as, for example, amongst the Scyphomeduste. 
The genus Pelagia, although closely related to Aurelia, develops 
directly from the egg without the intervention of the Scypbiatomii 
larva; and even Aurelia may abnormally have an abbreviated 
development The characteristic larval forms of the Echiuozoou 
Echinoderms are omitted in the development of those forms in 
which the young are reared in brood-pouches or similar protectivi: 
chambers. The following will serve as types : — Leptychaster ker- 
■;uelenensis, Ophiacantha vivipara, Hemiaster cavernosus, and 
Paolns ephippifer. The direct development of Astacus is an 
example of the suppression of metamorphoses amongst the Crus- 
tacea, but in this Decapod a good deal of food-yolk is present, 

The passing through of a free larval existence must be considered 
as constituting a drain upon the energy of the organism, and this 
loss naturally affects the adult condition. As SoUas points out, 
when such a larva " finally reaches the adult state, it has already 
to a considerable extent worn out its machinery and expended its 
powers of converting energy. A still more important consequence. 
however, would aeem to follow from the premature aging due 
to a free larval existence, and that is the comparatively early 
exhaustion of the power of undergoing transformational change; 
tlie adult or comparatively stable state is reached sooner than it 
otherwise would be, and the chances of further development are 
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correspondingly diminished." It has been pointed out by several 
authors that the individual which is best equipped as an ndutt 
is that which has rapidly passed through its embryonic conditioD 
under circumstances wliere it has been extraneously nourished 
and protected Again, to quote from Sollas, "The longer life in 
the mature state, acquired by those forms which are saved from 
the drudgery of a larval existence, offers increased opportuuitiei tor 
evolution to the adult animals, so that a progressive development, 
starling from higher and higher platforms, is directly favoured. 
Bat not only is a longer existence assured to the adult — «iistencfl 
in the embryonic state is shortened ; and perhaps here the influence 
of seclusion is most clearly exhibited, for the energy which would 
be expended in a free larva in activities other than those involvod 
in producing structural change is here solely devoted to that end, 
and hence the embryonic stages are passed over by secluded forms 
with comparative rapidity." 

In studying the development of animals, it must always be 
remembered thnt what is known as tha "struggle for existence" ia 
continually acting upon the Urval form as an individual, and that 
while the larva has to adapt itself to present conditions and to 
supply its own wants, the rudiments, or the formative tissaa 
(blastema), of future organs may be precociously formed. This is 
the main reason for the complications and abbreviations which 
occar BO frequently in the development of animals. Occasionally 
larval forms, so to 3;>eak, run wild, and do not develop into their 
normal adults, the form known as Leptocephalus amongst Teleoets 
affording a good example of this vagary. 

The real nature of many embryological phenomena must remain 
unknown until the properties of protoplasm are considerably more 
elucidated. At present, we can deal only with the results, and not 
with the causes of changes in organic matter. 

In the course of this work attempts have been made to indicate 
how certain orgnns may have been developed from pre-existing 
simpler stnicturea in response to definite stimuli or to the require- 
ments of the organism. The further our knowledge extends tht 
more certain it appears that evolution is mainly the result of ft 
mechanical necessity, or, as James Hinton put it, " organic forms 
are the result of motion in the direction of least resistance." 

Suggestions as to the possible significance of observed embryo- 
logical facts must be held only in the most tentative manner. It 
is easy to frame plausible theories respecting the evolution i 
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oi^ana or of the animals themselves, but great caution is necessary 
in accepting them, and, at best, they should be regarded as merely 
working hypotheses. 

Sketch of a Possible Evolution of the Metaioa.— Tiie Fro. 
tozoa combine all t!ie essential activities of life within the limits 
of small independent units of protoplasm, and even in these 
differentiation may occur to a considerable extent. Those causes 
which result in the production of complicated organs in the 
Metazoa also act on unicellular forms, but, having less scope, the 
result is less evident. The higher organisation of multicellular 
animals is solely attributable to the large number of aggregated 
units which constitute their body ; the forces acting upon all living 
beings must be the same. 

The formation of masses or colonies of cells (aggregates of pro- 
toplasmic units) may possibly be primarily due to imperfect 
fissioii. Cell-division itself (i.e., reproduction) is uaually regarded as 
being primitively due to excess of growth consequent upon excess 
of nutrition; Geddes, however, suggests a different interpretation 
of the origin of cell- division (p. 279). Amongst the Protozoa re- 
production results in the formation of distinct and independent 
organisms, each one of which is unicellular like its parent. In 
only a few forms are individuals aggregated into colonies, and 
in these but little co-ordiuation occurs. 

More precise histological research is now demonstratiug that in 
most, if not in all, animal (and vegetable) tissues the component 
cells are united together by strands of protoplasm, often of extreme 
tenaity. There may tlius be a protoplasmic continuity extending 
throughout the whole organism, and possibly all the living cells of 
an animal are directly or indirectly connected with one another, 
except the lymph and Uood-corpuscles. 

The observations of Sedgwick on the syncytial segmentation 
of Peripatus (fig, ig) are in this respect very suggestive, and it 
may yet be proved that the complete division of an ovum into 
distinct segmentation spheres (tig. 12) is apparent rather than 
real. 

It appears that all the cells of adult Coslenterates are connected 
together by means of protoplasmic processes, and it might fairly 
be assumed that the cells of a segmented cceleuterate ovum and of 
the embryo into which it will develop are similarly united ; but 
there is at present no definite embryological evidence to support 
this conclusion. The cellular network of tiie parenchymula laiva 
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of Obelia {iig. 46) is, according to Merejko^skj, a secondary c 
dition due to the fusion of the processea of amoeboid cells. 

Whether directly contumoua or not, all the cells of a 1 
are so grouped as to constitute a co-ordinated whole, the life of 
the individual being the aum-total of the activities or lives of tha 
constituent cells. Theoretically each one of these cells possesses 
all the attributes of protoplasm, as, most probably, was actually the 
case when the ancestral form was passing from the Protozoon to 
the Metazoon condition, a stage which is now represented by the 
blastula larva. We may assume that each cell then possessed 
nutritive, sensory, metabolic, and reproductive functions; but in 
process of time specialisation occurred, and the concurrent limita- 
tion of function resulted. 

In unicellular animals one pole or aspect of the body is usually 
concerned in the ingestion of food, and we are justified in assuming 
the same for the Protozoon ancestor of tlte Metazna. 

The segmentation of the ovum is stated to occur in two difTerent 
ways. Either, according to the generally received account, it may 
from the first divide the cell horizontally into a nutritive (vege- 
tative) and sensory (animal) portion ; or, according to Agassis and 
Whitman, the ovum may divide longitudinally (asially), then trans- 
versely, and lastly horizontally. In either case a multicellttlar 
mass is formed, of which the upper pole is more especially sensory 
(epiblast) and the lower nutritive (hypoblast). Assuming it to 
have been flattened, Biitschli has termed this theoretical ancestral 
form a Plakula (p. 33). 

The series of stages from an unicellular form to an organism, 
consisting of two sets or layers of cells, presents us with do special 
difficulty, and plausible theories have been framed to account for 
the formation of a double- layered gastrula from the single- layered 
hlasttUa. It is a matter of some importance to note that embryo- 
logical evidence, as a whole, supports the conclusion that the 
future epiblastic (ectodermic) and hypoblastic (endodermic) cells 
are already practically differentiated in the blastula stage, and 
that the gastrula was evolved as a result of that difrerentiation. 
It is too often assumed that all the cells of the blastula are 
identical in every respect. 

Brief History of Hesoblastic Tiasnes.— The conversion of a 
diploblastic form to one with three layers (triploblastic) is readily 
conceivable. It is possible tliat the third layer (mesoblost) primi- 
tively arose us the result of excessive uutrition of the uutritivvj 
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cells (liypoblust). The inner moietiea of these cells separating 
themselves as amcetioid cells (mesamceboids, or archseocytes of 
Sollas), which would then crawl about in the space (segmentation 
cavity) between the two layers. Similar cells arise in some 
embryos from the epiblast also. These cells would readily assume 
the amccboid condition, as they were not subject to pressure and 
had sufficient space for migration. 

Whether originally specially nutritive or not, the wandering 
cells would readily become modified and change their function ; 
their contractile power might be emphasised, and thus they might 
be converted into simple muscle-cells. By the secretion of inineral 
matter they would form skeletogenous cells. By retaining a free 
existence others would serve as carriers of matter, or, in other 
words, become corpuscles of the nutrient fluid. 

Most of the internal supporting (endoskeletal) elements, with the 
exception of the notochord of the Chordata and the connective 
tissaes, are, together with the blood-corpuscles and vascular system, 
developed from the mesoblast, Lankester has associated these 
series of tissues under the common designation of " skeleto trophic." 
This he regards as a "natural group of tissues which is divisible 
into— (l.) Skeletal, including fibrous, adenoid, adipose, bony, and 
CBitilaginoiis tissues. (2.) Yasifactive, including capillaries and 
embryonic blood-vessels. (3.) Hsemolymph, including the heema 
or hiemaglobinous element and lymph, the colourless element o( 
vascular fluids." 

Lankester further points out that " the mother-cells of all tissues 
are either 'entoplastic' or ' ectoplastic,' or both — that is to say, 
the metamorphosis of their protoplasm is either essentially one 
occurring at the surface of the protoplasmic corpuscle, or one 
occurring deeply within its substance, or the two processes may 
go on in connection with the same cell." Thus hyaline cartilage 
is essentially ectoplastic, while notochordal tissue results from a 
metamorphosis of the cells and is essentially entoplastic. " Fibrous 
tissue generally is ectoplastic, as the protoplasmic corpuscles re- 
main more or less intact whilst surrounded by the fibrous and 
lamellar masses to which they have peripherally or laterally given 
origin. This is true of ordinary subcutaneous areolar tissue, of 
tendon, of mucous tissue (umbilical cord), and of corneal tissue. 
At the same time we find in various Invertebrate groups (not in 
the Vertebrata) an entoplastic form corresponding chemically aud 
(unctionally to the ectoplastic forms just cited. This is the vesi- 
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cular connective tissue so abundant in the Mollusca, in the 
Nemertinea, and other Invertebraiea. The only tissue which in 
form representa this among the connective tissues of Vertebrates is 
adipose tissue." The vesicular celia of Mollusca contain glycogen; 
indeed, a glycogeiietic function is now known to be widely distri- 
buted in various mesoblastic tissues. 

"Tet further, the tissues of the connective group which in 
specially related to the nutrient fluids (such as blood and lymph), 
and which form the wall of tlie c<Bloni or of biood-channels, may 
be entoplastic when tbey give rise, by internal nietamorphosia 
(liquid vacuolation), to capillary vessels; or ectoplastic wheo they 
constitute spongy or lacuniferous cell aggregates, the cells separated 
by intercellular channels, such as we find iu the ' pulp' of lymph- 
glands and the spleen, and in the lacunar tissue of Molluscs." 

The formation of gastric pouches (archentenc diverticula) appears 
to have resulted from the disproportional growth of the hypobluL 
In forms higher than the Ccelcnterates these pouches were con- 
stricted oCT from the central cavity and formed a true body-cavity 
or ccelom. A nutritive fluid might collect by osmosis within tha 
body-cavity. 

The progression of the organism in a determinate direction 
would ensure a bilaterally symmetrical arrangement of the organs 
of the body, and, consequently, of the archenteric diverticula. A 
dorsal and ventral mesentery would result from the appressioa 
of the inner walls of the confluent lateral cceloms, while transverse 
mesenteries or septa would occur if the cceloms of the segments 
remained distinct. 

The primitive nutritive corpuscles (mesamoeboids) lie within 
the blastocoel (or, as Hubrecht proposes to term it, the arcluecel), 
and consequently outside the archenteric diverticula. When tbo 
c<etomic walls were approaching one another, many of the corpuscles 
would be enclosed between them ; and if a small space was left 
between the walls of tlie cceloms, a tube would be formed, lying 
within the mesentery, containing amoeboid corpuscles. Tlte walla 
of the cceloms possess actual or incipient muscle-fibres, and ara 
therefore contractile. The contractility of the walls of the mesen- 
tery would thus result in a longitudinal contractile tube containing 
corpascles, in other words, a vascular system would be initiated. 
The development of the heart in both Vertebrates and Chtetopodt 
appears to support this hypothesis of its evolution. 

Hubrecht claims for tlie blood-vascular system of the Kemerttus f 
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Worm Lineus that it arises merely by tbe " connective tissue" not 
obliterating the arcliictel in these places, and that the indifferent 
mesoblast is modified in situ into the endothelium and walls of the 
vessels. In most other animals the smaller vessels are formed by 
the hollowing out of solid cell-rows and cell-groups. 

It would be rash to hazard a conjecture couceroing the evolution 
of the excretory organs until we have more precise information 
concemiDg their development in the lower Metazoa, It is not 
improbable that there is do genetic connection between the excre- 
tory organs (nephridia) of certain groups ; thus it is difficult to sea 
the homology in such organs as the green gland of Decapod with 
the eicretory tubes of Amphipod Crustacea, or these again with 
the nephridia of Peripatus and the Malpighian tubules of Insects, 
The Vertebrate excretory organs appear almost certainly to have 
been evolved from some primitive form of nephridium, from 
which the nephridia of the Segmented Worms were independently 
differentiated. 

Embryonic Digestion. — But little is known coucerning diges- 
tion and assimilation ia embryos. The actual processes must be 
assumed to be essentially similar to those occurring in adults. The 
following general features, which alone can be dealt with here, are 
worthy of notice. 

As was mentioned very early in this work, an oosperm must ba 
regarded as an amceboid Frotozoon, which multiplies by fission 
very rapidly, but which is precluded from obtaining fresh nutri- 
ment directly. The energy requisite for this enormous activity is 
provided by the breaking down, through digestion, of the highly 
nitrogenous food-yolk which is stored up within tlie body of the 
ovum. 

In many cases the stored-up nutrient material, yolk, is really 
derived from neighbouring ovarian cells which the ovum hsB 
swallowed. {This process, which is simply a case of feeding, 
must not be confounded with the formation of a Plasmodium or 
syncytium by the fusion of previously distinct protoplasmic units.) 
The ovum has, in fact, gorged itself preparatory to entering upon 
a stage of rapid cell-division. The telolecithal and centrolecithal 
distribution of the yolk in the ovum and developing embryo has 
been already referred to. In the former case the yolk is actually 
stored up within the primitive hypoblast cells, that is, within those 
very cells whose function is to digest it. In the second case tbe 
yolk is afterwards transferred to those cells. 
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I. Hypoblastic Oi^estioQ. — The act of digestion ia almost 
entirely performed by the hypoblast. From the nature of the 
case all Ct-otozoon digestion must be intracellular, that is, mast be 
effected withia the cell itself. It is now proved that the digestion 
of the Ccclenterates and of some Turbellarian Worms is largeljr 
inti'acellular, although extracellular digestion also occurs to some 
extent. Even in some of the lower Vertebrates the epithelial cells 
of the intestine may send out pseudopodia for the purpose of 
ingesting fragments of partially ditjested food. In other words, 
the lower Melazoa have not yet broken away from tlie iraditioos 
of Protozoon digestion. In this respect early embryos of higher 
Invertebrates reproduce the ancestral condition ; for we find in the 
Crustacea (fig, 22) that the hypoblast of the gastrula stage feeds 
upon the yolk by means of pseudopodia, and the digestion is intra- 
cellular. 

Caldwell states that throughout larval life intracellular digestion 
occurs in the first stomach of Phoronis, but that this mode of 
digestion ceases when the metamorphosis takes place. 

KoUmann has recently shown that in the merublastic ova of the 
Lizard and Fowl (fig. 66) the primitive cells of the germinal wall, 
in the equivalent of the gastrula stage, engulf and digest the yolk 
spheres and granules like an Amceba eating its prey. 

It is probable that extracellular digestion, as it occuta in the 
more specialised Metazoa, does not take place till "hepatic" or 
other secretory cells make their appearance. Most Prosobranch 
HoUus&s, such as Purpura and Fusus, possess a large quantity of 
food-yolk which is stored up within the hypoblast cells (fig. 18), 
and' the digestion of which is consequently intracellular. It is 
well known that during the veliger stage these Molluscs are tnlj- 
cannibals and devour their weaker brethren. This new food 
passes into the niesenteron (archenteron), and certain of the hypo- 
blast cells acquire a very different appearance from tbe remainder 
and constitute true digestive cells. Food in process of digestion 
is seen within the cavity of the mesenteron. As a matter of fact, 
the two modes of digestion take place simultaneously until the 
yolk ia quite absorbed. 

This view is rendered the more probable from the fact that ia 
the Iclithyopsida the distinctive complex digestive glands are 
either not at all or only slightly developed. Each iodiridual cell 
of the mesenteron may be regarded as individually digestive, and 
thus in these forms hypoblastic intracellular digestion occi 
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Temporary pseudopodia, for the seizure of food particles, are very 
generally emitted by the cells of the intestinal epithelium in the 
lower Vertebrates. Such highly differentiated glands as the peptic 
glands and the glands of Lieberkiihn are found, from the Keptilia 
upwards, in an increasing degree. Their secretion acts chemi- 
cally upon the whole or a portion of the food, and digests it within 
the cavity of the alimentary canal. The liver has been omitted in 
this connection, as it is not, iu the true sense of the term, a digestive 
gland. As Wiedersheim has pointed out, there is a well-marked 
correlation between the folds of the mucous inembrane and the 
development of intestinal glands. At first, as in the Cycloatomes, 
the folds have only a longitudinal direction, but afterwards tian»- 
verse folds appear and crypts are formed in order to increase the 
gccretory surface of the alimentary canal. 

In Mammals the embryo is nourished directly by the blood 
of its mother, and the hypoblaao of the fcetus has never been 
functional in digestion ; it consequently requires what SoUaa has 
termed a gastric education before it can digest the food of the 
adnlt. (This argutiient does not apply to those Sharks and Lizards 
in which there b a slight connection between the yolk-sac of the 
embryo and the blood-vessels of the wall of the oviduct, as in 
these forms a large amount of food-yolk is always present.) The 
secretion of milk by the mother supplies a readily assimilable 
pabulum, and tlie peculiar character of the first-formed milk pro- 
bably renders the education still more gradual, A somewhat 
Bitnilar digestive education occurs in some Birds, such as Pigeons, 
the Flamingo, and others. 

2. Epiblaetlc DigeBtion. — The epiblast very rarely appears to 
have a digestive function. Metschnikoff, however, has observed 
intracellular ingestion by the ectoderm cells of larval Actiniffi, and 
KoUmann states that the epibkstic cells of the bla3toderm of certain 
SauTopsida can take up food by means of pseudopodia and digest 
it in the intracellular manner. It lias been previously noted that 
villi develop from the epiblast which underlies the yolk-sac in 
Birds (fig. 7S, b, v), and also from the epiblast of the allantoic 
folds (c, v), which absorb t!ie remaining albumen of the egg. In 
the lower Mammals (fig. 8o) similar villi occur, which must be the 
means of absorbing nutriment from the uteriue wall. 

3. Mesoblastic Digestion. — The undifferentiated wandering 
mesoblast cells may also be concerned in digestion, but their 
ingestion of foreign particles may be due in many cases to the 
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mechanical properties of their protoplasm rather than to an actual 
selection. Our knowledge .concerning the behaviour of these cells 
in embryo Invertebrates is almost entirely due to llletechnilcotir, 
vrbo has proved that the mesanio^boids are of great physiological 
importance from their first appearance, and iu this respect Ihcy 
o&et a marked contrast to the mesothelial mesoblast 

In Echinoderm larva;, for instance, which undergo rapid meta- 
morphoses, the disappearing organs break down int« albuminoid 
globules, which are devoured and digested by the mesamceboids, 
or phagocytes, as Metschnikoff terms them. The latter also ingest 
small foreign particles wliich may be forced into the segmentation- 
cavity. In many cases the mesamceboids fuse to form a plasmodium 
or giant cell, in order to effect this more readily ; in some cases the 
mesamceboids merely collect round the foreign body in order to 
isolate it. 

The lymph-corpuscles (leucocjrtes) have been shown by Wi«- 
deraheim and by Schiifer to perform an important part in digea- 
tion in adult Vertebrates. These cells have been proved to force 
their way through the mucous membrane into the cavity of the 
intestine, and there to devour fat, and probably amyloid particles; 
tbey then return, and, crawling between the epithelium cells, pass 
into the lacteals. Others, again, merely ingest the food particles 
which have penetrated through the intestinal epithelium. In all 
cases, probably, the leucocytes pass into the lymphatics, where 
their contents are dischatged by the disintegration of the cells 
themselves. The lymphatic fluid or chyle then passes into the 
general circulation, carrying with it the digested food which lias 
been conveyed from the intestine by the leucocytes, and a I&rga 
amount of proteid material derived from their dissolved protoplasm 
and nuclei. 

It is still an open question whether digestion may not be per^ 
formed in Sponges by the ectoderm as well as by the eudoderm. 
Tlie wandering mesoderm cells are probably concerned in the 
conveyance of nutriment and the removal of waste products, in 
addition to those functions which are more generally regarded as 
typical of that layer. 

Closely associated with the subject of embryonic digestion is 
the part which the fcetal membranes of Amniote Vertebrates play 
in nutrition. The render is referred to the section which deals 
with these structures (pp. 78-96) for a summary of the evoIaUon 
of the fcEtal membranes of the Amniota. The gradual acqaiaitioa 



\ 



GENERAL CONSIDEBATIONS. 



275 



by the allantoia of the whole of the nutrition of the embryo ia 
especially noteworthy. 

Embryonic Bespiration. — The function of respiration must of 
necessity occur throughout the whole of embryonic and larval life. 
As a rule, it is more active in larvre than in adults ; at all events, 
the former always speedily succumb to a deficiency in the supply 
o[ oxygen. 

The true respiratory process, i.e., the assimilation of oxygen and 
the excretion of carbon dioxide, occurs in the ultimate tissues ; 
it ia only the exchange of the latter gas for the former of the ex- 
ternal medium which occurs in what are termed respiratory organs. 

As Dohm points out, it is the vascular system which is really 
respiratory, and the pressure of a blood-vessel against an epithelium 
would cause an evagination of that tissue, be it epiblastic or hypo- 
blastic. Of course the wliole skin of the body and the alimentary 
tract were the primitive respiratory surfaces. The production of 
gill-filaments on a given area is the result of the presence of 
blood-vessels ; it is the latter after all, and not merely epithelial 
prolongations, which constitute gills. 

It often happens that in embryos and larval forms the delicacy 
of the tissues suffices for the interchange of the gases, so that 
special respiratory surfaces are not required. When protective 
envelopes are present, they are usually very permeable to gases. 

The proctodseum serves as a special respiratory organ in certain 
larval Arthropoda ; as, tor instance, in the Nauplius larvie generally, 
and in the aquatic larvse of Dragon-flies. 

The higher organisation of the embryos of Vertebrates necessi- 
tates a large supply of oxygen, and, consequently, special provisifiu 
has to be made by the development of larval respiratory organs, 
especially in those forms which undergo a secluded development. 
These may either be (i) the phylogeuetic respiratory organs, which 
are utilised in the ontogeny of the individual, or (2) they may 
bear no relation either to the ancestral or to the adult respira- 
tOTy organs. A pair of examples of each of these two cases will 
illustrate the general principle. 

I. Utilisation of Phylogenetic Respiratory Organs in Onto- 
geny. — The ordinary hypoblastic gills of Elasmobrauclis appear 
early in the embryo, but the filaments on the posterior aspect of 
the archs are greatly elongated, so as to form a very characteristic 
fringe of gills, which have even been regarded as belonging to a 
diEferent category from the normal filaments. 
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Both external and internal, i.e., epiblastic (?) and hjpoblastic 
gills occur in the newly hatched tadpoles of Froga. Whatever may 
be the exact significance of the former, the latter certainly ore an 
example of the utilisation by a larva of the ancestral mode of 
respiration, as the respirntory organs of the adult, in this case the 
skin and lungs, have no coiineccion whatever with the former. 

3. Secondarily Acquired Larval Respiratory Organs. — ^The 
embryonic respiration of the Auiniota afTuiJs a good example of 
the second proposition. In none are tlie walls of the visceral 
clefts functional as gills at any time, and, as the Innga are only 
functional after birth, accessory respiratory organs must be pro- 
vided. 

In Sanropsida the area vasculosa of the yolk-sac forma the first 
respiratory surface, this function is next shared with the rapidly 
developing vascular allantois, and lastly, owing to its enormous 
size, the allantois becomes tlie sole respiratory or^un. As has 
been mentioned above (p. 259), the allantois is probably the liyper- 
tropliied and precociously developed urinary bladder, and we may 
assume that the ancestral fonns of the Amniota, like the Amphibia, 
had a lai^e membranous vascular urocyst, which was capable of 
being early utilised as a respiratory organ. The topography of the 
allantoic blood-vessels, and the fact that the proximal portion of 
the allantois actually persists aa the adult bladder, support this 
view. It is well known that egg-shells are very porous to gases. 

Respiration in the embryos of the Prototberian Mammals is 
doubtless perfectly comparable with that in Reptilian embryos, 
whereas, in the Kutheria, aerial respiration is impossible owing to 
the embryos being included within the uterus. The fcetus in tUero 
has, however, no need for special organs of respiration, aa it ia 
supplied with aerated arterial blood direct from the main arterial 
trunks of the parent The carbonic acid and other waste pro- 
dricts of the embryo are canied away by the maternal venous 
circulation. 

Evolution of Nervous System and Sense Orgfans. — The epi- 
blast naturally forms the protective covering of the organism, and 
would readily be modified to meet special requirements. From iia 
position it would be directly subjected to every vibration ia the 
external medium, and would therefore be continually receiving 
numerous stimuli, wliich would call into play the sensibility of the 
protoplasm of the cells. It is, then, no wonder that sense-cells 
originated, or that these became grouped together 10 form sense 
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oj^na, or that a further differentiation occurred which resulted in 
the evolution of a highly specialiaed nervous system. 

All these obvious facts were sufficieutly noticed in the section 
on the " Organs derived from the Epiblast," and therefore need not 
be reiterated here, 

Oontinuity of Germ-Producing: Tisane.— The germ-producing 
tissue is to be regarded as the direct product of the similar tissue 
of its parent, that is to say, a portion, however minute, of germinal 
substance is transmitted by the parent to its offspring. The 
germinal substance in the latter is increased by the ordinary 
metliod of nutrition and gi'owth, but it still has the same essential 
character that was transmitted to it. The offspring in its turn 
passes on this germinal substance. There is thus a continuity of 
germinal matter, which, since it is transferred in an extremely 
minute quantity, must have an inconceivably complex structure, 
as it possesses the power of transmitting hereditary characters 
even of the most trivial nature. 

It is maintained by some that the nucleus is the essential 
element in the germ-cell, whether ovum or spermatozoon, and that 
the cell-protoplasm is merely a nutritive basis. The structure of 
the ovum has already been stated to be similar in many respects 
to that of ordinary undifferentiated tissue-cells (fig. 5*). The 
distinguishing feature of the nucleus over the rest of the proto- 
plasm of the cell consists in its possession of chromatin. As the 
chromatin always takes a conspicuous part in segmentation, we 
are justified in assuming that the chromatin or nuclein is con- 
cerned in the reproductive function. FertiUsation appears to 
be mainly the fusion of the nuclein elements of a pair of cells 
which are liberated from usually two parents. The resulting com- 
pound oosperm develops by segmentation and ulterior differen- 
tiation into an organism resembling, and at the same time 
differing from, each of ita parents both in feature and in inherited 
tendency. 

WeUmurn reoently propoaed the riew that the nnclitas of evory germ-cell coQtaini 
" Sirm-plOMna," or tlut subatance which iiDahlea the germ-cell to build Up m new 
iBdividiuJ 1 mod " kiitogaKlic platma," or thftt substance vhich enables the germ-cell 
ta aoeiimukte yolk, (ecrete membrutea, or, in ihort, to decelop iteetf into ita charac- 
leristlc Btmctute h ■ ripe ovum or sperm atoioon. 

It 1> the germ-planiut alone that ia required for the development of the embryo, 
The hixtogSDetio plaama, hacing performed ita function of building up the germ-cell, 
U nieleu, and bu to tw got rid off ; so it ia extruded aa tbe polar-cells, or aa the 
puaifc element In the male germ-cetla. If the germ-plaan» left in tbe avtun baa 
■uffideot vigour [which would probably depend upon ita quantity), tbem i« nothing to 
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prevent Its further dcTelopment into a new individiuil — that is, nothing to hiniler tba 
occurreucii of pitrtbenogeDtiiii. A> a matter of fact, however, thia u larcly the Cai^ 
and it rHi]uire> the sudden accession of fresh energy In the shape of a ipertuatotoaD w 
enable the gerin-plasma of tha ovum to further develop. In this tisw then ii BO 
essential distinotioa between the nacleus oF the ovum and that of the ■pennalMOon | 
the latter, like the rormer, ii merely gerro-plaam : the diScrmoe twing that, as a nilai 
the germ-plasm <i{ the umle cell has an entirely different Mriet of inherited cliarart-'n^ 
which it can transmit tu the segmentatiun nucleus in the somo manner ss IhuK of tha 
fcmalt; cell are transmitted. 

The essential act of fcrttliiation, therefore, doei not consist in the fusion ol 
which (lilTer in kind, but merely in the sudden aooenion uf a ituru of energy which 
will enable the ovnm to segment and build up a new iadiridual. This tiringi fertili- 
■atioo to resemble conjugation yet more closely ; and it turtbor explains how it is 
that, in those rormi In which parthenogeneajs is not known to occur, the ovum may 
segment, and proceed a short way on its development. 

This theory also agrees well with certain facts concerning the asexual tvprodnotioo 
of animals or plants. During segmentation there is formed in the nuclei of Iba seg- 
mentation -cells fresh htstogenetic plasma, which is more especially conoemad ia the 
differentiation of the tissue* ; but the germ-planna may be generally diffused, or H 
may be early localised within certoin ■egmentation-Oells. Sponges, the Hydra, sum* 
Sea- Anemones, may be taken m eiamples of the former condition, as in these animals 
apparently any purtion of the body containing eotoderm and endoderm will serve to 
produce anew Individual; aodin the case uf the two fint-oamod, the germ-oells tbein- 
•elves appear to arise indiscriminately from the mesoderm in the former, and from tha 
ectoderm (I) In the latter. In other Cffilenterata the genn-oalls are o[ bypoblaatio 
(ingln. In the aeooad case, where the ({erai-plasma is localised to a spacial Usaue, 
those s^mentation-oells whicbjwill form the epiblut possess no getm-pluma, and. oon- 
•eqnently. they can only build up specialised tissae. On the other hand, in moat 
eases at all eventa, the germ-plasma, which at Gnt is restricted to the nnclai of tfan 
hypoblaat cells, beoomes, as deretopmeDt takes plaoe, still further localised Until it ia 
dtnated solely in that tissue which has fur its espeolal function the reproduction of 
the indiriduaL In other worils, tt is restricted to the genetstire gland. Asexual 
nprodudJon in such gronps as the Pulytoa and Aaeidians, and certain Wonna, is 
rendered pouible by the retention of germ-plasma within certain undiffemtiatnl 
tissue (funiL-ular tissue, stolon, budding lones, kct, from which the whole or |iart uf 
the new individual may be formed ; but It is Impossibta to leprodace a perfect in- 
dividual from any fragment contauning epitJastic and hypoblastic tissue, sa oan be 
ilone in the case of Sponges or the Hydra. In this connection It is Interestiag to Gad, 
aa Oruber has shown, that if an Inlusorian be artificially divided, each portioa will 
become a perfect Individual. But if the dismembered portion does not poesies a frag- 
ment of theiiriginalnuoleua, tho animal thus produced lacks the powDTflfreprgdnotiaa. 
It is parfect in every respect, except that it is ileprived of tlie germ-plasoiB, which 
tlotw {KMseases the reproductive function. 

Qeddca has Meently discussed the theory of growth, reproduction, eex, and hcredltr 
in tenni of the metabolism of protoplasm. " Proto)dasm is regarded aa ai 
complex and unstable onmpuund, undergoing continual moleoolar change or m 
On the one hand, more oi less simple dcnd matter or food passes into Uto byttmiim 
of assimilative ascending chougM, with each uf which it become* moteoaUriy moN 
complex and unstable. On tlie other hand, the rssultinK protoplasm is emtiaDally 
breaking down into more and more simple compounds, and finally into wa»tn prodnet* 
The ascending synthetic constructive series of changes are termed anabiJU, nod Um 
dreoending disruptive series lalabolir." 

Qmrtk— Herbert Spencer Giat pointed oot that In tbe growth of ximilarly ifai^x^ 
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bodies tbe tava increaiea as the cnbe of tbe dii 
Bquare, and applies thi* conceptioD to expnss tbe 
u Otddea eipressea it, " in tbe gruwing cell the nu 
lug nuu tuv ever leas kdeqoatelj Eupplied by th< 
ing aurfBce. Tbe ekrlj exceu of repair 



e BUrfaoe only aa tbe 

cell-divincn. "Tbua." 

neceBsities of the incieas- 

apidly increaHing absorb- 

the growth of the cell, 



but the neceaBaril; dupmportionate increBse of surface implies less opportunity (or 
nutrition, respirBtiou, and excretion ; and waate thus oveitokes, balances, and 
threatens to eiceed repair. Three alternatives are then poaaible— (i) a temporarj- 
eqnilibriuin may ba eetjibliahed and growth censes, or (x) tbe increase of waste may 
bring about dissolution and death, or, atQl mure frequently, (3) the balance of maas 
and BUrface may be restored by the dirialon of the cell" 

"B«prodnctioil— (a) AmxiuI — Continued surplus of anabol ism involves growth; 
this growth is sooner or latvr checked by the prepondenmce of katabolism, uid tlis 
most frequent alternative is tbe restoration of tbe balance b; ce!l-di vision. Thus 
arises diicontinuous growth or asexual reproduction, Budding, simple -diviaion, and 
epore formation, like continnoua cell-dlviaion, are simply different forma of ths 
oeceeiary separation which must occur at the limit of growth if tbe continuity of lifs 
is to be preserved. Like continnons cell-division, asexual reproduction occurs when 
waste or katabolic processes ore in the ascendant. But what holds true in the growth 
d[ tbe individual cell is valid also in regard to the aggregate. There, too, a limit of 
growth muat eventually be reached, when discontinuous growth in some form becomes 
inevitable. The easeutiul difference is simply that at first in the imicellulac individual 
the disintegration and reintegration entirely eibaust tbe organism and conclude Ita 
individual eiiatenoe, while in higher furma Che proceaa becomes more and more 
localised." 

ib.) Sftxnal fieprodncUon. — A comparative study of the methods of reproduction 
which occur amongst the lower plants and Protozoa will demonstrate that "the 
almost mechanical flowing together of exhausted cells, as illustrated ' in plosmodia, is 
connected through the known surviving cases of multiple conjugation with normal 
conjugation ; " the dimorphism which marks the transition from conjugation to 
fertilisation, making tbe latter Indispensable, appears very gradually. "The very 
gentleneas of the gradatlun leada one to regard the two proceaaes oa analogoua 
responsea tu the same physiological ntceaaitiea. Ths same disturbance of the balance 
between anabolism and katabolism which results in tbe occurrence of asexual repro. 
dnctloD leada in more developed forms to the separation of tbe dimorphic and 
mutually dependent elements of sexual reproduction. As asexnal reproduction occurs 
at the limit of growth, so a check to the asexual process involves tbe appearance of the 
Ktual, which is thus still further associated with katabolic preponderance." Tbe 
following illustration will suffice : — Under conditions of favourable temperature and 
abundant food the parthenogenetio reproduction of female Aphides can be mdeGnitely 
prolonged, while a lowering of the temperature and diminution of the food at once 
reintroduce aeiual reproduction. 

"Nature of &ex.~In attemptiog to define the distinctive characteristics of male 
and female, it ia necessary to begin with tbe aexuol elements themseltes. The 
difference between male and female la there exhibited in its funJameatol and most 
concentrated expression. It is in the sexual elements, indeed, that tbe continuity or 
oi^anic life is ueaured, the vegetative organs being but appenilagea to the direct 
immortal chain of aex-cella. The large quiescent ovum is the result of a continued 
sorplns of anabolism over katabolism, while the growing preponderant of katabolism 
mnit find its outward expression in increased activity of movement and in diminiahed 
■ize : and tbe natural result la the flagellate sperm-celL" 

In multicellulor o^nisms sexual reproduation makes its appearauM when nutrition 
is checked. "Some of the cells are seen differentiating at the expense of others, 
accumulating capital from their ueighboure ; and if their area of exploitatiun be suSi- 
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elentlf Urge, croph»ticall; anabolic c«!!i or ut> ivault ; while if thoir mfa m ladueed 
bjr the prsHtioe of numotoDi oompetiti>n (truggliDy to becume geim-oallii, tlw reault 
ii tba Furmation oE Binfttler, more katabotic, and ultiinatel; mate cclla. la the luna 
(peoie* dittinct orgauiBtnt may, in the uune way, become prrdomjiuintly anabolic m 
katabulic, and may be diitin^lihablv u completely (amale «r male urjjBiiiamB." 

The numerciiK fauU which have now been aociunulated prorethat "lUEb oonditinfli 
ai deficient ur abnormal food, high temperature, deficient light, mninturo, and tlie 
like, are obviouily lUob aa would tend to induoi a pi«panderaDOe of waiU otcv repair 
— a iaUabotie diatbeaii ; and we hare jiut eeeD that theea oonditian* tad to tamlt in 
the pruduotion of nut'e*. ^milarty, inch factors a> almndant and riidi nacrltiua, 
abundant light and mniiture, must be allowed to be aucb a« favoiir aautnutjr* 
prooeue* and make for anabolimi ; and we hare jiwt «eea that theas oonditioaa mult 
in the prodootion U ffoata." 

OoKsaada and SpermatoganatU.— In the maturation of the oiunt. the (onnattua 
of polar cetli Henu rightly iiiterpntnl as an ettnuiun of the katabolic or ■»!• 
element! from the prrpundentiogly anabi^o ovum i the oonvfne occun in ipManto- 

rfTtlUNiUon. — According to thii view of Geddet', " fertiliiatiou ii companUa to 
mutual digestion, and the reproductive proceas hai ariaen from a nutritire Want. 
The euentially kataliolio male cell, getting rid of all acceu>iry nntntire material 
ooutained in the upenn-bUutophore, bringi to the orum a supply of c 
kalaatatef, which etimuUte the latter to diviiion. The proround chemical d 
*armi*ed by aoma between the male and femalt: eiententi are intelligible a* the out- 
come of the predominant anabolism and kataboliam in the two element*. The uniun 
of the two «eti of product) re^torea the Durmal balance and rhythm of cellular lift" 
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APPENDIX A. 

Ststbm of Classification adopted, with Enxtmebation of all the 
Genera alluded to in the Body of the Book. 



FBOTOZOA. 

1. FrotiEta. 

2. Bhixopoda. 

Lobosa (Protopkuia). — Amoeba. 
ffeliozoa, 
&c 

3. Oortieat& 

FlagdhUa. — Monas ProteTOspongia. 
CHiakL — ParamsBciam, Stylonyehia, Vortieella. 
&c 

liETAZOA. 

(Trichoplax — incert sedis,) 

L— PORIFERA. 

1. Oalcarea. 

OcUcispanguB. 

2. Hon-Oalcarea. 

AiyasospanguB, 
&c, 

II.— CCELENTERATA. 
As Intanioub (Htdrozoa). 

HydromedoBa. 

Eleutherchlastea, — Hydra. 

Oymnohlastea (Oeellata). 

CaHyptoUastea ( Vesicvlata). — Obelia, Clytia, Eutima, Mitiocoma, 

iEquorea. 
TrachymeduBOB. — Cunina, ^ginuia, Greryonia, Gannarina. 
Hydrocordllinci. 
SiphonophorcL 
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B. TiENIOLiE. 

1. Scyphomediuw. 

Discomedusce (Aeraapeda). — Aurelia, Pelagia. 

(Aotinozoa). 

2. Hezactinia (Zoantliaria). 

Mcdacozoa (Actiniof). — Edwardsia, Peachia, Anthea, Cerianthus. 

HexaeorcUla (Madrepcraria), 

AntipatharicL 

3. OctactinUB (Alcyonarla). 

AlcyonOdoB, 
GorgoniidcB (IsidinaB). 
Coralliidce. — Corallium. 

C. Gtenophora. 

IIL— ECHINODERMATA. 

1. Pelxnatozoa. 

Crinoidea, 

2, Echinozoa. 

Asteroidea. — Asterias, Leptychaster. 

OphiuToidea, — Ophiacantha. 

EchinoidecL — Echinus, Toxopncustes, Strongylocentiotus, 

Hemiaster. 
Ilolothuroidea. — Psolus. 

IV.— VERMES. 

1. Platthelmintues. 

Tnrbellaria. — Planaria, Leptoplana 
Hemertea. — Linens. 
Trematodoa. 
Oestoda. 

2. Rotatoria. 

3. Nemathelminthes. 

Hematoda. — Ascaris, Cucullanns. 
Ohstognatha. — Sagitta. 

4. Anneuda. 

DiBCophora. — Hirudo. 
OluBtopoda. 

Ac?iceta, 

Pulychceia, — Serpula. 

Oligochceia, — CriodriluSy Rhynchelmis (Euaxes), 

Lumbricua 

5. PODAXOXIA. 

Oephyrea. 

Polyzoa. — Phoronia 
Brachiopoda. — Aigiope. 
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v.— MOLLUSCA. 

I. Odontophoba. 

I. (Gasteropoda. 

1. Isopleura (Amphineura). 

Neomenias, — Neomenia, Proneomenia. 
Choptodei'mce, 
. Polyplacoplwrcu — Chiton, 

2. Anisapleura. 

A. Streptoneura, — i. ZygohranehicL — Haliotis, Fissnrella, 

Patella. 2. Azygohranchia, — (a) Prosobranchia — 
lanthina, Paludina, . Ampullaria, Nassa, Purpura, 
Buccinum, Fusus, Murex. (6) Heteropoda, 

B. Euthyneura, — i. Opisthobranchia. — Aplysia, Elysia, 

Fiona. 2. Putmonata, — Helix, Limax, Oncbidium, 
Planorbis, Lymnseus, 

II. Scaphopoda. — Dentalium. 

III. Acropoda. 

1. Pteropoda. 

2. Cephalopoda, 

A. TetrdbranchiatcL — Nautilus. 

B. Dihrancliiata, — i. Decapoda, — Sepia, Loligo. 

2. Octopoda, — Octopus. 

II. ACEPHALA. 

Lamellibrancliiata. 

laomyay Anodonta. 
Heteromya^ Dreissena. 
Monomyay Pecten, Spondylus. 

VL— ARTHROPODA. 

I. Crustacea. 

A. Entomostraoa. 

Fhyllopoda. 
Ostracoda. 
Oopepoda. — Cyclops. 
Oirripedia. 

B. Leptobtraca. 

HebaliidflB. 

C. Malacostraoa. • 

Arthrostraca (Hedriophthalmata). 
• Amphipoda. 

Isqpoda, — Asellus. 
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ThoracoBtraca. 
Cumaeea. 
StomopadcL 
SchizopodcL 

Decapoda, — (CarididA), Crangon, BSppoljte, Falsmon; 

Callianassa ; Astaeiu ; PalinaroB ; Biigus ; 
(Biachyura), Cancer. 
IL Arachnida. 

A. Hnmatoliranchia. 

XiphoturcL — Limulua 

B. JBrolxranchia. 

Soorpumida, — Scorpio. 

PedipcUpida, 

Araneida, 

G. Lipoliranchia. 
Aearinida^ &c. 

III. Protracheata. 
Periiiatida. — Peripatus. 

lY. Mtriapoda. 

V. Insbota (Hkxapoda). 

Orihoptera, — ^Blatta. 
PseudonmropteriL ^Libellulidaa. ) 
Heniiptera (RhyncJiota). — ^Aphis. 
NeuToptercL, 
Coleoptera. — Dytificus. 
Diptera, — Musca. 
Lepidoptera. 
UymenoptercL 

VIL CHORDATA. 

L Hbiuchordata. 

Enteropnensta. — Balanoglossiis. 

II. XTrochordata (Tunicata). 

1. Peronnichordata. — Appendicolaria. 

2. Oadndchordata. 

IIL Cbphalochordata (Htpichthtbs). 
Pharyngoliranehii. — Amphioxos. 

IV. Vbrtxbrata (Craniata). 

L Ctclohtomi (Mtzicuthtbs), 

MarsipoliranchiL 

(a) UyperotretcL — Myxine, Bdellostoma. 
(h) Hjfperoartia, — PetromjsoiL 
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n. Gnathostomata, 

A« ICHTBTOPSIDA. 

I. Chondrichthtes. 

HdloeepihaU. — ChimsenL 

Elaamoliraachii (Selachii). — (Notidanida), Notidanus, (Hex- 
anchos and Heptanchus); Cestracion, Acanthias, 
Scyllium; Raja, Torpedo, Pristiuras. 

2. OSTKICHTHTBS. 

QanoideL 

Sdaehaideu — Acipenser, Polyodoo; 

Teleosteaidei, — Polypterns, Lepidosteus, Amia. 
TeleoBteL 

Lophobranchiu 

Pleetognathi, — (Gynmodontes. ) 

Physostomi. — (MunenidaB), Amphipnoas, (Leptocephalus) ; 
Mc^myrus ; (SalmonidaB), Mallotus, Osmerus, Salmo, 
Trutta; (CyprinidaB), Cyprinus ; Cobitia; Anableps; 
(SiluridaB), Saccobranchus. 

Anacanihinu — (PleuronectidsB.) 

Acanthopteri, — Trigla, Anabas, Lophius. 

3. Hebpbtichthtbs. 

Dipnoi — Protopterus. 

4, Amphibia. 

Urodela. — (Perennibrancbiata), Siren ; (Axolotl) ; (Caduci- 

brancbiata), Amblystoma, Triton, Salaiuaudra, Sala- 

mandrina, Gyrinopbilus, Ranodon. 
Gymnoifthiona. — (CoBciliidse) Coecilia. 
Annra (Batrachia). — Pipa, Dactyletbra ; Rana, Alytes, Bom- 

binator, Bufo, Rhinoderma ; Notodelpbis, Nototrema, 

Hylodes. 

(Amniota.) 
B. Saubopsida. 

1. Reptilia. 

Obelonia. — Trionyx, Aspidonectes, Testuda 

Lacertilia. — Hatteria, Cbamseleon, Gecko, Calotes, Leiodera, 

Scincus, Anguis, Cyclodus, Seps, Lacerta, Tracbydo- 

saurus, Yaranus. 
Ophidia. 
Orocodilia. 

2. Ayes. 

Batite. 

StruthumeSf &c 
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Oarinata. 

ChenamorphcB, — Anser, Anas, PhcBiiicoptenu. 

AlectoromorphoB, — Galla& 

ColumbcB, — Columba. 

Coracomorpha. — Pyrrbula, Luscinia, Sylvia. 

PHttacomorphce, — Psittacus. 

C. Mammalia. 

1. Protothbria (Ornithodelphia). 

Monotremata. — Ornithorhynchus, Echidna. 

2. Metatheria (Didelphia). 

Marsupialia. 

Glyrina (Wiizophaga). 

Macropoda (Poephaga\ Macropus. 

Scandentia (Carpophaga), — Phascolarctos, Plialangister. 

Rapacia, — Perameles, Didelphys. 

3. EUTHERIA (MoN'ODELPHIA). 

Edentata. 

Filoscu — Myrmecophaga, Cyclothurus. 

Loricaia. — Dasypus. 

SquamcUa, — Manis. 

TubuHdenta, 
Sirenia. 

Oetacea. — Phocsna. 
Ungnlata. 

Artiodactyla, Sutna, — Sua, Tragulina, Tragulus; Tyio- 
poda ; Pecora (CervidaB), Moschus ; Camelopardalis ; 
Antilope, Tctraceros, Ovis, (Bovidse) Bo& 

Perissodadyla, — Equus, Rhinoceros. 

Hyracouiea, — Ilyrax. 

Probosctdea. — Elephas. • 
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Abdominal cavity, 213. 

pores, 213, 214, 258. 

ring, 262. 

splinta or " ribs," 193, 200. 

Abducens, 14a 

Abneural blood-Teasel, 215. 

mesentery, 215. 

Abomasus, 173. 

Acanthias, pineal gland, 129; tliyroid 
body, 184. 

Aohromatin, 17. 

Acraspeda, auditory organ, 145. 

Aetinite, ectodermal muscle fibres, 108 ; 
ectodermal and endodermal nervous 
system, 165 ; endodermal muscles, 
176; reproduction, 278. 

Actinosoa, stomodseum, 71 ; archenteric 
diverticula, 72 ; mesenteries, 72 ; diges- 
tion, 72, 168 ; endodermal respiration, 
177 ; connective tissue cells, 189 ; ecto- 
dermal digestion in larvse, 273. See 
"Actiniae," " Hexacoralla," "Octoco- 
ralla." 

Adhesive glands, 106. 

.£ginura, sense cells, 142. 

iEquorea, auditory organ, 146. 

After-birth, 92. 

After-brain, 134. 

Air-bladder, 180 ; homology of, 182 ; 
blood supply, 182, 233-235. 

Air-sacs of birds, 182 ; of gymnodontes, 
182. 

Alcyonaria, spicules, 98. 

Alecithal ovum, 8 ; segmentation, 16, 17, 
20, 21, 29. 

— gastrulation, 21-23, 3^. 

Alisphenoid cartilage, 207. 

Allantoic arteries, 224, 231, 232, 237. 

vein, 229-233, 236, 237. 

Allantois, 81 ; of birds, 81-84; ^^ rep- 
tiles, 84 ; of mammals, 87-97 > evolu- 
tion, 87, 276 ; circulation in, 230-232, 

234. 



Alveoli of glandp, 105, 173. 

Alytes, larval respiration, 87. 

Amblystoma, vertebral column, 197. 

Ambulacral system, 55, 56. 

Amia, scales, 193 ; intercalary arches, 
196 ; blood supply of air-bladder, 233, 
235 ; oviduct, 258. 

Ammocoete. See " Lamprey." Rudi- 
ments of pelvic fins, 204 ; diaphragm, 
213. 

Amnion, 79 ; of fowl, 79 ; amnion pro- 
per and false amnion, 81 ; of reptiles, 
84 ; of the rabbit, 85 ; mammals, 87- 
97, 231 ; insects, 96. 

Amniota, primitive streak, 39, 41, 42 ; 
embryonic appendages, 78 ; urinary 
bladder, 78 ; allantoic respiration, 88, 
276; cloaca and derivatives, 1 12; 
neurenteric canal, 117 ; pharynx, 172 ; 
absence of gills, 177 ; thyroid body, 
184 ; thymus gland, 185 ; derma, 190 ; 
muscles, 191 ; ribs, 199 ; clavicles, 202 ; 
cheiropterygium, 204 ; skull, 207-21 1 ; 
vascular system, 223-232, 235-237; 
pronephros, 241 ; mesonephros, 242 ; 
vaaa efferentia, 256 ; embryonic respira- 
tion, 276. Seecdto " Reptilia," "Aves," 
and " Mammalia.*' 

Amoeba, reproduction, 3 ; mode of feed- 
ing, 7, 272 ; nuclear division, 20. 

Amphibia. See aUo " Frog." Fate of 
blastopore, 77, 117 ; urocyst, 87, 230, 
234, 259; larval respiratory organs, 
87, 276 ; epiblast, loo, 166 ; homy 
teeth of larvse, 105 ; epiblastic respira- 
tion and external gills, 109 ; post-anal 
gut, 117; nervous system, 116-118; 
cranial flexure, 1 23; corpus callosum, 
124, 132 ; anterior commissure, 124 ; 
cerebellum, 1 26; supra-commissura, 
128; pineal gland, 117, 129 ; posterior 
commissure, 129 ; fenestra ovalis, 150; 
columella auris, 151, 152; eyelids. 



3U 

162; epiphysiil eye, 163: relation of 
epiblul to Dervuu« lyitem, 166, 167 ; 
pbarjDi,l7l; liver, 173; EuBtacbian 
rweii, 179; Tiicenl cls{U, 179; luDgn, 
tSl, iSi; K<"t>t«'7"IU,iS2i ■upni- 
jieri*:ardiBl budiea, 184 ; tliyniid bod}^, 
1S4; tbyliiua gland, 185; muiclM, 191 ; 
ilernul eio-ikelnton, 193; vertobni) 

■Mlunia, 196-19S: ribi, 199, 300; 

■ternuiu, 2oa ; [>ectonl girdle, 2ai ; 
tiiediaii Gn, 20J ; Uil, xii ; paired 
limb*, 304; mandibuUr arch, 2og; 
byuid, 310: poailian o( kidiieji. 212 1 
pleura- peritaneil catily, 31] ; atxeiice 
u[ abdomiaal porN, 114 ; lieart, 3)8, 
320,321 ; aurtio arcbea, 227, 233. 13S ; 
TenouB ayaUui, 334, 335! antarior 
abdoQiinal rein, 330, 334, 335 ; icg- 
maiiUl duct, 339, 340, 149, 351 ; 
praDapbrot, 339, 340. 341, 351 ; mrao- 
iiepbroa, 341,346, 34S; iiii;i[>ient m 
naphroa, 147, 356 ; Hlilieriaii duct 
(oviduEt), 331, 353; rudimet]t4U7 in 
male, 234 ; cobDection between ttetia 
and maaoDapiirua, 354-3J6 ; Hratan, 
356. 

Ampbiblaalula. 51. 

Ampbicaloim Tertel>r», 196-19! 

AmpUnoura, oervoua ijiieui, II5. Sn 

•' CUituD." 

AmpUiaxtia. *r>gni«ntatlon o{ ooaperm, 
39, 30; meaotbelium, 55 ; arelieutario 
difErticula, 39, 60-63 ; weaaDobyme, 
6t : iiiewHiariDal a^einanUtiiiD, 74 1 
liver, 7J, 173; epiblaat, loo, 166; 
oiliatad Drtiral canal, itS; uerroua 
ayatem, 117, 1191 neural pore, 117; 
Iiervet, l3o; unpaired eye, 139; gill- 
alita, 135, 17S1 olfactory oT^n, 143, 
185 ; allmanlary canal, 171 ; pbar}'ni, 
173 J bypopbaryogoal ridge, 173; 
atriuio, 178; atrial pore, 178, 3t4', 
Uate-bud), 181 ; guttAtoryot^an, (85: 
notoohord, 1S6, 1S8, 194, 205 ; median 
fin, 3C3 ; caudal fin, 203 ; budy-cavtty, 
211: tnuiolea, 191, an; Llood-TH- 
axta, 315, 323, 339; napUridiuui, 239, 
250. 

Auipbipnaua, reduotion of gill*, 179. 

AuipbiiKida, dLTerticula of meaeuteron, 
169. 186, 338. 

Ampbiatylic akull, 309. 

AiupuUaria, re>|iiraIioa, 109. 

AiiabBa,aaa«aaor7re«piratory or^ana, 109. 

Anablepa, darelupmsat ol embryua iu 
ovary. 95. 




AnabaliitD □( protoplaam, 37S-a8a 
Anal gland^ 106. 

Anguia, acalea of, 103 ; pineal aye, 119. . 
Annalidi, otucyata of, 146; beart, 315; 

aeginiiutal organ*, ajS. Sm obo 

" Cbntopoda." 
AnnodooU, gitls of, 108. 
Aiitvlo|ie, iilaceulA, 92. 
Antenna of inaecta, itj; of ouataea^ 

ir6. 
AuteuDuIei, 147. 

Auterior abdomiual rein, 329-332, 3}4. 
(superior) cardiual Tviua, 334, 235, 

238, 219, 231-234. 

coQioiiBaure, 124, 133, 134. 

uara., 144. 

primary braiu yeeiole. Is?, 134. 

(mperior) vertebral Teiua, 338, 2J9>V 

Autbea, aeoaa colli, 142. 
Autliropoidea, ptaoenla, 92. 
AuLipatbidw, cnnencbynia t.t, 98, I94. 
Ant-orbital proceaa, 306. 
Anura. &■ " AmpUlUa," "Prog," and 

" Bumbmator." 
Anut, 75. 1 1 1, 350, 261. 
Aorta, 121, 220-222, 224-227. 
Aurtio archei, I47, 148, 183, 185, 317, i 

3:8, 310-227, i3>. 333. aJS. 
Atwa, corpua albican^ 117 ; oar*braIi| 

boauaph*rea, t3& 
Apbldea, pattbenogenalio raproductiu^ J 

379- 
A]>ty>i>, abcU of, 100. 
AppenilicuUrla, auditory oigao, 147 |J 

tiatoral clefta, 177. 
Aqueduct uf SjrNlua, IS4, 115 

'■ Iter." 
Aquvductua Teatibuli, 14B-150. 
AqueouB liuniuur, 162. 
Arauhnida,Bpeniiatoia«of,3 ; raaplralton 

of, 109; Xalpigbian tubulaa, lit | up- 

pendagf*, 203. 
Arbor-rite, 126. 
Arobvocytaa, 189, 366. 
Arcbenterie dirertioula. 55-69, 73, l^q, 1 
ArcbeDl«run, 33. 

ArcbiCMl, 69, 70. 237, 13K, 370, 371. 
Arcliinephrio duc^ 339, 349, 35I. 
Arcbitiepbridium, 349. 
Arcbinepbrot, 350, 
Area opaca, 9, 38, 119, 317, 333. 

pellucida, 9, 38, 78. 

vawiuloaa, g, 38, 79, 8;, Sf^ t 

314, 333, 334, 336. 
Areolar epitbeliuiit, 106. 107. 
Atj^upr, eariy developmeut, 55. 



^^^^^^^^n ^^1 


AriMdillo, MilUt of, 103, 193; ciccam. 




176. 


chetileric direrticuU of, 59, 60 ; uHk'h ^^^| 


Anenolliut, 14. 


of nervous system, 167; pUai7ax,i7ii ^^^| 


ArterU thji-eoidea mBDdibulBru, 235. 


absence of liver, 173 ; reepirabury ^^^^| 


Artliropoda, Mgincutation of egg, 27 ; 


orgaus, 177; notocbord, 1S6, iSS. ^^H 




a-irbs and barbules, 10:, 103. ^^^| 


ccalomiD cavitie*, 70 ; eagmentation o£ 




body, 73 i he»d, 74, 7S; appendages. 




75, 302 i moultiag of lacvffi, 78 ; exo- 


mandibular, 210. ^^^^| 


•ksleton, 98; anal respiratioo, 109, 


sphenoid cnrtibga, 207. ^^^| 


275; aerial r«piraUon, 109: -tomo- 


Basilar artery, 135. ^^^H 


dsum and derirativea, no; proctn- 


plate, 20&. ^^H 


d»um, III; nervous BjBteoi, 115,116; 


Bat, blaatodenuic veiiole of, 45, 4S ; pro- ^^^H 


olFAcUirj baire, 142 ; aiidituij hairx, 


86. ^^M 


147; otiiayeUi, 146, 147; acoustic 


Catrm-bia. See " Frog," auditory epithe- ^^^H 


organ ot Leiapodn, 147; ejes, 153- 


^^^1 


IS7; maaenteron, 169; "livsr," 170; 


Bdellostoma, head-kidney, 259. ^^^H 


miuclea, 191; bean, 215; eiccetory 


Beaks, 102. ^^^1 


organs, 23S. 


Beetle, gastric cnca, 169. ^^^H 


Artiodaotjla, placenta, gi. 


Biconcave vertebriD, 196-19S. ^^^| 


ArviooU, inversiou of lilostodenn, 93. 


Bilateral symmetry, 74, 270. ^^H 




Birds (Avee), yolk, 6 ; seg mentation, 31, ^^^| 


kinsais in, 19. 






niembranvs, 78, 273 ; umbilical cord, ^^^^| 


Asellu«,hBart, 3l6. 


96 ; jolk-sac, 82, 95. 96 I epidermis of. ^^M 




101 ; feathers of. 102; senile, 103 ; ^^^1 


180. 




Astaaua. Sa " CrayBBlj." 


corpora bigemma, 126; cerebral hemi- ^^^| 


Aster, 10, iS. 


spheres, 129; olfactory lobes, 133; ^^^^| 


Asteriii. fi«"SUrfi»h." 


auditory labyrinth, 150; pineal gland, ^^^| 


Atrial, pore o£ anipliioiua, 178, 214. 


163 ; persistence of vitelline duct, 171, ^^^| 


Atrium of heart, 219, 220, 224. 


172; crop, 172; liver, 173 ; cnca, 176; ^^H 


balanoglowHii, 177; tuuioata, 177; 


*ir-sacs from lungs, 182 ; thyruid, 184 ; ^^^| 




thymus, 1S5; notocbord, 1S6; museleB, ^^^| 


Auditoiy epitliBlium o( batrachia. 166. 


191 ; sclerotic bones, 193 ; vertebral ^^^H 


ganglion, 13S. 


column, 198; itemum, 2CXi: pectoral ^^^| 


^ nerve, 136, i38-r4t. 




organ, Ijj; meduMB,l45i Termes, 


of abdominal pores, 214; heart, al8- ^^^| 


146 ; mullusca, 146 ; artbrojiuda, 146, 


223 ; division of truncus, 322 ; ventri- ^^^| 


147; Uinioata, 1471 oerebral auditory 




orgau ot tudicati, 148 ; vertebralp, 


230 ; meaonepbros, 248, 249. ^^1 


147-1521 myiine, 149; niBBobloslic 


Birgus, respiration, 109. ^^H 


labyrinth, 150; meatus and concha. 


Bladder, 230, 259 '. veins of, 234. ^^H 


151 ; auditory osaiclea. 151. 


filaatema, z66 ; Vr'ulffion, 245, 246 ; me- ^^H 


region of cranium, 207. 


tanepbric, 246-349. ^^1 


Aurnlit, occasional direct development, 




265. 


Blastoderm, 26, 34-4S. ^^H 


Auricle of heart, 219, isi. 


Blastodermic vesicle, 44-4S. ^^H 


Auricular septum, 221, 222, 237. 




AuWatylio skull, 209. 




Ayas. &c "Birds." 


Van Beiieden, 44, 48) ; fate of, 75, 110, ^^^| 


Axial nerve of rctinopbora, 156, 


^^H 


AXJUB17 artery, 226. 


Blastula, 21-37, 49. 50. x6$, 270. ^^H 


Aiygoa vein, 228, 231-233. 236- 


BlattA, gastric cnca, 169 ; heart, 215- ^^^M 


Aiolatl, diiiaion o£ leucocytes in, 191 


Bloodcurpuscles, 214,215-217, 267i red, ^^H 


relentiou of gills, 179. 


white, or colourless, 190, 214. ^^^H 



^M ^^^^^^^^^H 


^H Blood■I8»eI^ oHgiD of. 67. 70, aij, 115. 


C>t(F«li«dom«tica),ovumof,7; Gurt- ^^H 


^K Dodj uvit7, 61, 68, 72. 7S, 21 1, 212. 


duct, 257. ^^M 




Ctudal artcrj, 214. ^^^H 


^^^^^^L CMuX, 117; bnndiiHl cbaoiber, 1791 


Gd, 30J, 204. ^^H 


^^^^^^P aeginenti^ ditet, 240. 


rein, 228, 129. ^3'- »34- ^^M 






^^^^ Bruhio-oepb^k Tcin, l]g. 




1 Bnu-kiopoiln, mcaothaliuin of, ;;, 59; 




■h-ll, 99 J ue|.bridi». 337 ; KenBwU™ 


27-39. ^M 


diioU, 137, 264. 


Co"og"ny, 213. ^^m 


Bracbyurii, tliormcio gutcliun, 116: 








BnimhiB.. Stt " B»pir.tf>ry Orgmni." 


aid, 100; nerroua ajatem, (14; nlCae- 


BnncLUI ■rcliei, 178. 1S3. 1S5. 106, aoS. 


torjr pit, 142; eye, 151-156; iuk-nc, J 






w-UrlM of. 3j6. 217, S33, 235 ; vi-im". 


Coratophryi. dermal bonea, 193. ^^H 


114. 




olrfU Sm " VL««r.l Cl-fu. ■' 






^^ 


. Br»iK!hio«tBpa memliraup, 175. 




Bronchi, 18]. 


CerTidii>, placenta, 91. 






•mbryM. 7. 


Cataoea, plaoeota, JJ i poatariw sarM, 


Bndding mdm, 37S. 


144 : itomiob, 173 ; dornl Bn, aoj. 


Bnfu, t<l"«>l gI"'"!' '^J : braucbiai 




oh*mb<r, 179. 


54. 5fi. 69; couiom. 58, 69, 70 ; aag- 


Biilbiu lUteriMui, 210, 21:, 21j, 224. 




BumFtbricii. 112. 




pel»i«. 174. 


■sue, 20] ; Taaeular iiyit.m, 70. 1IS( ^^H 


Bjuui gUod*. 106. 


ganeratira duel^ 237, 264 ; nephridja, ^^^H 




70, 237, 238, 349, 250: heart, I70. ^^H 






CsciU*. eculw, igj ; vartebml column, 


Ch.tne1m>i>, pit.eal gland. 163 ; bmob«< ^^M 


197; prc»i.plm», 339; Mgmental 


^^H 


Wolffitu tubulu, 34S, 




C«:um, 176. 


CbelDiiia,*oaliHof,l03;aaalno*ar,tI3t ^^^M 


QbIuui ■rUrj' to ait-bttddar, 1S2, 133. 






214: urinary bladder, 259. Sh pIi» ^^H 


C»lt SM"Caw." 


^^^H 






CJotwi, pLiienl Mgt, (63. 


178; operculuiD, 179 1 axial kkdaton, ^^^H 


Cail>lil>uriculMii,32l. 


■95. ^^H 






gutruU of, 33. 


Chiton, nervous iyit«ni, 114. 115: ayaa ^^^H 




in ehell, 152 ; larval eyra, 152. ^^^H 


CwdiD*! Tein^ 214-^32, 234. 


Cho>no.fl.E«>l>t« cetl>, l63. ^^H 


CahdiaB, auditoij orgMi*. r47. 




CarioiUe, (trnium, aoo. 


Cliorda tympani, I36. ^ 


C»rm»rina. wnie eell^ I4J. 




CaraiTon, plaoenU, 91 ; nipple of. 106. 


effect ol inoreaas of yolk, 30-33 1 tda- J 


Carotid nUTj, iDttraal, 115, 207, 224, 


Ucitbal, 33-39 : origin of meanbbat, ^^^J 


2z6. ai7 : eit^rual, 224. 226, 2*7, 


59 69 1 Biial hypoblut, 6> ; nslomia ^^^H 


Cwotida, 310, 324, 216, 227, 233. 336. 




Carp (Cyprinu.), air-bladder, 780. 




CartilAgr, invertebrate*, 194 ; cbordntii. 




l94-"0- 





INDEX. 



317 



109 ; stomodsBum, 1 10 ; central nervous 
system, 1 16 ; olfactory organ, 143 ; an- 
cestral form, 76, 77, 163, 164; origin of 
nervous system, 166, 167; mesenteron, 
171 ; pharynx, 172 ; liver, 173 ; intestine 
174; branchial region, 177 ; notochord, 
186 ; muscular system, 191, 192 ; 
dermal skeleton, 192 ; endo-skeleton, 
194 ; locomotory appendages, 203 ; 
paired limbs, 204; body cavity, 21 1 ; 
formation of blood, 214 ; heart, 219 ; 
urinary organs, 239, 249. 

Chondro-cranium, 205, 207. 

Chorion (vitelline membrane), 9 ; (allan- 
toic or true), 87, 90; (yolk-sac or 
false), 90 ; (pseiido-chorion), 95. 

Choroid of cephalopoda, 155 ; of verte- 
brates, 160-162; pigment layer of, 

159-161. 

Choroidal fissure, 158-162, 144. 

Choroid plexus of fourth ventricle, 123- 
126, 134; of third ventricle, 124, 125, 
129-134; of lateral ventricles, 130- 

Chromatin, 8, 18, 277. 

Chyle, 274. 

Cilia, 98. 

Ciliary ganglion, 135, 137-14 1. 

nerve, 138, 139. 

Ciliata, nuclear division in, 2a 

Ciliated chambers of sponges, 168. 

Cirri, 202. 

Clavicles, 2CX>-202. 

Claws, 102. 

Clitoris, 260, 262. 

Cloaca of vertebrates, in ; amniota, 
112 ; opening of segmental duct, 240, 
250 ; of ureter, 246 ; of bladder, 259 ; 
omithorhynchus, 253 ; prototheria, 
257; eutheria, 261. 

Clytia, perisarc, 98. 

Cobitis, external gills of larva, 109. 

Coccygeo-mesenterio vein, 229, 231. 

Cochlea, 149, 150. 

Cockroach (Blatta), gastric cseca, 169; 
heart, 215. 

Coelenterata, mesoderm, 53, 69, 71, 189, 
193; radial symmetry, 71 ; nemato- 
cysts, 99 ; unicellular glands, 105 ; 
ectodermal muscle-fibres, 108 ; nervous 
system, 112, 114; sense-cells, 142; 
evolution of nervous system, 166 ; 
gastric diverticula, 168, 270 ; skeletal 
structures, 98, 193, 194 ; origin of 
sexual cells, 263, 278 ; connection of 
cells, 267 ; intracellular digestion, 272 



Set '*HydroBoa," '* Scyphomedusfle," 

and *' Actinozoa." 
Ccelom, 6r, 68, 72, 78, 211, 212, 213, 

237,270. 
Ccslomata, internal opening of nephridia, 

237 ; origin of excretory organs, 249 ; 

gonads, 263. 
Ccenenchyma, 98, 193, 1 94. 
Columella auris, 1 5 1, 152. 
Common carotid artery, 227, 231, 235. 
Common iliac arteries, 224, 232. 

veins, 229, 232. 

Concha, 151. 

Coni vasculosi, 256. 

Conjunctiva, nerve supply, 137, 162. 

Connective tissue, 67, 70, 189, 190. 

Conus arteriosus, 220, 221. 

Convolutions of cerebral hemispheres, 

133- 
Coprodsum, 112. 

Copulatory organs, 112, 260, 262, 264. 

Coracoid, 201. 

Coracoid epiphysis, 201. 

Corallium, ccenenchyma, 194. 

Corium, 103. 

Cornea of molluscs, 155, 156; of Yerte- 
brates, 1 53- 164. 

Corneal outicula, 156, 1 57. 

Comu ammonia, 130, 131. 

Cornua trabeculse, 206. 

uteri, 253. 

Comu medium, 184. 

Coronary sinus, 228. 

vein, 221, 236. 

Corpus albicans, 127, 132. 

Corpora bigemina, 125-127, 134; quad- 
rigemina, 125-127, 134, 

cavernoea, 260. 

Corpus calloBum of amphibia and rep- 
tiles, 124, 132 ; of mammals, 125, 132 

134- 
striatum, 125, 130-134. 

spongiosum urethrss, 260. 

uteri, 253. 

Costal pleura, 213. 

Costal sternum. 

Cow (Bos taurus), nipple of, 107 ; brain 
of embryo, 130 ; branchial sense organ, 
139 ; auditory labyrinth, 149. 

Cowper*s gland, 260. 

Crab (Cancer), thoracic ganglion, 116; 
auditory organ, 147. 

Crangon, eye, 154. 

Cranial flexure, 123, 205. 

Cranial sense organs, 139, 205. 

Cranium, 205-207. 



^H ^^^^^^^^^^^1 




203: abatnca of paired llmba, 304;^^^H 




cranium, 307 ; TiHervl archa^ SoB ■, ^^^| 


^^M 5S 1 BtomodBiiini niid auriiritties, 1 10 1 


Uai- mandibular, 310 : diapbr-gm. ^H 


^H nervoui (y.te.ii. 115; eje., 153 ; ■!<- 




^H meoUr? oanal, 170; hurt, 116 ; direct 


intettiual fold*. 373. Sh ■■ Umprey.- 


^H daTstopmant, 265. 


Cyaluthuriia, cncum. 176. 


^^1 CriDoido*, narvouB ByiUm, 113; krvftl 


Cj[>rinoUa, ico«i-ory»udiloryapp«r«in | 


^H ikclclon, 194 ! "nnt, 202. 


^^ 








DACTtl.iTifH*, bmnoUial oliatiibar, 179. ^^^H 


^H 146 : tuDiMU. 14& 


Dirmontoblntt, ji, 61. ^^^H 


^H (terni, 300. 30l. 




^H Cruoodilta, icutiw »f. 103, 193; pcnterior 


155' ^^M 


^H Mrvv 144; wjp. I7j: abdominal 


(cruttaoaa), gaatric mill. 1 10 ; audi. ^^M 




tory organ, 14J ; ayn, IS?. 154: ma- ^^H 
MOt«roD. 169, 170; " liter," >TOi ^^^H 
graan gland, 338. ^^H 


^H auUr *sptum, to. 




Ilaaidua reSaxa. 93. ^^H 


^m 171- 


aaroli-ia, 93- ^^M 


^H Crura corebri, I15, 1x7. 


■ vara. 93. ^^H 


^H Crur«o( torniz, 132. 


I).-ckenacliidit, 4;. 48. ^^H 


^M Cninl T«inii, 119, 331. 




^H CnKtMira, ([wrmatowia, 3; asii^eiita- 


DflDt4kliuin, nflrraaa syitetn, 1 14 ; otolittv ^^H 


^H tioD, 37, >S, 39 ; mnoblMt, 57 ; *1i- 


^^M 




Dentine, 104. ^^^^H 


^H UmI mpiraCion, 109. 177; urial rc- 


Derma. loz. 19a ^^^| 


^H ipintion, tOQ i «ti>iiicHl9aiiin and dari 


DemiHl, bonea of >k«II, 310. ^^^M 


^H TatiTCi, no; proctodBum, 111; ner- 


akeleton, 191, 193, 310. ^^^H 


^H *ou« ajitem, 115, 116; muditor; 


Diiiphragm, 313. 331. ^^^^1 


^M mgui., 147; ar«, 153. 'J*: ^iB"- 


Ditater, 18, I9. ^^^H 


^H tiun of juIIe, 19, 1691 nitwDtenin, 


Dibraufbiita. ey*. 155, 156. ^^^M 


^m 169. 170 1 4iB"''''B awa, 169 ; hoarh. 




^B ai6; excretory organ*, 3j8 ; ahell 


DidelpLla. ^ " MeUtberia." ^^H 


^H gland, 33)! i luppreuian of nixtamur- 


Didelpbya. Set "OpoHam." ^^H 


^H pliDM, 265 ; digaation of joU, 371. 


Digestion, 169 i in actinoio*, 73 ; MB- ^^H 


^H Crjrpta of LiebarkUliu. 17J. 


bryonio digaaUoo, 271 i bypoUaatio ^^ 




digeation. 372, 


^^H Olanophora, oi%in of middla laver, 5J, 


Diphyoeroal Uil, S03. 


■ >»!9. 


Diploblaatic Uaatodenn, 86; orgralm. 


^H CuGuUaniu, KoitruUtion of, 23. 


363. 


^^1 Cunina, auditory organ, 146. 


DipluBlichoua eye, 153. 


^H Cutanaoos artary, 33$. 




^H Cuticula dantta, 104, 105. 


oparculnto, 179; air-bladder, 181, l8«[ | 


^m CuUole, 98, ISI-IS& 


•calFi, 193; aiial akelaton, 194; tiim, ^^^H 


^H Cutii, loG. l9aL 


199: caudal »n, 2031 oraniuci, »7t.^^H 


^1 Cuttltfiali (Sepial, ahall-aac, TOO. 


umndibubr arcb. 209: abdomiiwl ^^^H 


^H Cyclodui, viTiparitj of. 96 ; aoalw of. 


pare^ 314 ; circulation iu alr-bladdw, ,^^^H 


^H 103 ; pineal gland, 16}. 


181, 220; left auricle, MO; ••ptiua^^^H 


^H Cyolap^ l«dy cartty, 3U. 


ofoonna, 22a; artmalarahai,i33,335t^^^l 




bloo.1 iupply ot air-bladder. 933, 33S;^^^^| 


^H iwit-anal gut, 117; cranial flaiurr, 


UUllerian duot [<>Ti.l»cl) in male, SSV^^^^H 


^B 13] i oaratwlluiD, 116; Tagiia nerre. 


Dirwctlra bodiea (or oella), iol ^^^I 


^m IJS! Il™l '"-^ 143; auditory laby- 




^H riiith, 149 : abnnca of paucrtaa, 171 ; 


Diapira. I9, ^^^1 


^m apiral iralre, 17S : gill po^che^ 178 ; 




^H aiial akaleton, 194, 195 : caudal &u, 


plaoenta, 91 ; alimeatary aanal, 171. ^^^H 



^^^^^^^^^v ^^^1 


^^r Dog-fish, ipinal nerves of, 12a, I3i ; ot- 


9. ^^^1 


^H fMtory orgBO, I43, 144 ; muaoles, I9I 1 


Eigbtli cranial nerve, 136, 138-I4I. ^^^1 


^H neuni areliea, 196; akull, 208. 




^M Dos-«halk, £»" Purpura." 




^H Doraul ■iirta, 224-228, 233, 23;, 23G. 


3'> 33-35 : primitive streak, 41, 42 ; ^^^H 


^m blood.veueJ, 115. 


UDUrishmeiit of embryo in uterus, 95, ^^^^^| 


^H fin, 203. 


9^, 273 i plHCoid senles, 103, 104, 192 ; ^^^H 


^H ^meaenter^, 115. 


teetb, io5;ext«tUKl gills, log, 179; ^^^H 






^1 Dregon-fl>es (LibelliiltdiB), anul resplra- 




^F tiim in Urvv, 109, 275. 


eommi«nre, 129; olfactory lobee. 133, ^^H 


DreiHWna, gilla <if, loS. 


143 1 olfactory pit, 143 ; nasal groove, ^^^^ 


Duek (AnM), akin of emliryn, loo; fon- 


142-144 ; lateml line, 148, 121 ; audi- ^^^| 




tory organ, 148,150; tympanum, 150; ^^^H 


mwneplros, 243. 


eyelids, 162 ; pineal gland, 163 ; liver, ^^^H 


Duotu* urteriuiui BoUlli, ISO, 226, 227, 


173; "piral valve, 175, 334; rectal ^^^1 


' 236. a37- 


ghnd, 176; viioeral clefts, 178-179 ; ^^^1 


Boulir, 220, 226-228. 


yolk absorbed by external gilla, 179; ^^^H 


CuWeri, 213, 219, 224, 215. 228- 




^m 230. 33:, 234. 




^m ^ Kiillikeri, 146, 


gknd, 184; muscles, 191 ; slisgreen. ^^H 




192; aiia] skeleton, I95, 196; nba, ^^^H 




199 ; pectoral girdle, 201 ; caudal fin, ^^^H 


H «ranUi,23.. 


203, Z04 ; paired limbs, 204 ; cranium, ^^^| 




107, 2aS ; visceral arches, 20S-210 ; ^^^1 


^M Djtiwn., Urvol eye, 153. 


counectinn of pericnrdiuro witli cvlom, ^^^H 






^H Bab, 148-151 ; epitrichisl Inyer in, 101. 


2lS; byoid sortie srchea, 233, 335; ^^^H 


^^M Stt "Auditor; Organ." 


vein of spiral valve, 234 ; thyriiid mud ^^^H 




apiracular artery, 335; pronephnM, ^^^H 


^m of, 11,12; gutmlsUon of, 26 ; meao- 


240, 341, 248; segmental duct, 241, ^^^H 


^B blait of, 56; nBrvoua sjiitem, 113; 


249 ; mesonephroa, 242, 243, 148, 249 : ^^H 


^H typLloaule, 175 ; muscles, 190; ob- 


secondary tubutee, 245, 346 ; incipient ^^^H 






^f Echidnn, mammiry gland of, 107 ; an- 


origin of segmental duct, 249! ug- ^^^H 




menUl duct, 251, 251; UUlleriaa ^^^1 




duct, 251, 353 ; oviduct, 351 ; its an- ^^^H 




terior orifice, 233 ; Hiillenao duet in ^^^| 






^H r«l Byatein, 55, 177 ; formation of 




^m body-Mvity. 56, 72 ; radial ayinmetry. 




^^1 74; nerTouBsyalem, 113; nieiamceboids 


Elnstica limitans externa, 194, 195. ^^^H 


^H derour degenerate tisguei, 189, 274; 


internn, 188, .94. 195. ^^H 


^H iplcuUr skeleton, 22, 1S9 ; dermitl. 


Fllaatia fibres, 190. ^^^H 


^1 mesoblut, und cnlasri'oiiB plates, 190 ; 




^H raUBcles. 190 1 dermal skeleton, 192 ; 


^^H 


^H Iwral skeleton, 194 1 larTsl forms, 265 ; 


Eleiihos, placant.1, 91. ^^^H 


^B phsgocytss, 274. 


Eleveath crunial nerve, 135- ^^^| 


^H Echinu>,53. &e "Sea-Urcliii!." 


Klyain, polar cells of, 10, 1 1 ; fertilisation ^^^| 


^1 EotodBnn,23. 






niidoEir division, 20. ^^^H 


Ectos»rc98. 


Embolc, 24. 33- ^^^H 


EdMit»la,plaMnt», 91,92. 






^^^^1 




Enamel, 104. ^^^^^| 


^M vertebrates, 237 ; cliDrdata, 251-261. 


~ org.in, 104, 1 10. ^^^^^^H 



Enchjtemii, 8, 19. 
23. 



Endolfroph. 149. 
EndiKkeleU ■tructur«», 169 ; inrerM- 
bntc«, igj, oUurtUio, 194. 

GndoBtjlp, 17a 

EndoUielium,69; ofbrart, 316-318, 271. 

Eotoplutio tiuuei, 169. 

EpsniwpLkluu, 134. 

Epiblut, aj ; nrguia derived Irom, 98 ; 
jirotectiTe •iruclurei, inrortflbrtlei, 
98 : chordata, 99 ; teeth, lOJ ; gluuli, 
■05 ; eierctai7 organi ol niollimcB, 
■oS, 338 ; tnuMuUr eleinetita, toS 1 
retpiratur; orgaaii, luS ; ttomuilwuiii, 
1 10 ; pi[uiUr7 body, 1 10 ; Malpigbiui 
tutiiila, III, 169, 338; proctodKuoi, 

■yaLim, lla; occlentereta, 113; Termes, 
113; molloaoa, 1 14 ; arthropoda, 115 ; 
Datura of inTsrt«bratebnin, 1 15, 1)6 ; 
cbordata, I16 ; neurenteric cuia!, 1 16. 
117; ipioal usrre*, II9; ijmpathetic 
Bjitem, 130 ; (piual cord, lit, 131; 
vettebrstA brain, 133-134; cnuiial 
uervea, 134-139; KriAl cniiiial aenie 
organa and thf id us gland, 139; hdm 
orgaiia, 141 ; olfaotory urgwii, 143- 
145 ; auditory organ*, inTartebratva. 
145-147; cUordata, 147-153; lateral 
lino, 14S ; ejv vt iDTertabntca, 153- 
1571 o( Torlebratea, 157-163; bvoIu- 
tian of nervuua lyitem an J lenge 
oi^ana, 164-167 ; argmeotol duct, 339. 
249; eitemal geuerative organa, 113, 
361, 363 ; digsatieo, 373. 

EpiboW, 24, J3. 

Bpidermii, 98; buinan, loi. 

KpidUymia, 356, 357. 36a 

Bpigwtria naa, J30, 134. 

Epiglottia, 174, 1S3, 185. 

Epieoracoiil, 301, 

Epioatneum, 99. 

EpipbjM* of f erUbtv, 199. 

Epiphyaia cerabri, isS. 

Epiphyaial tje, tig, i6t, 163. 

Epiitaroa, 301, 303. 

Epitricbial layer of epibUat, roo, Hi. 

Kpoopboron, 356, 357, 

Ktjnatarul plate, 19. 

Ethmuid regioo of crauium, 307. 

Ethmo.pilaUne ligament, 309. 

Euaiaa. Stt "Ubyucbolult." 

Eiututbiui tube ur receu, 1 39, 151, 1 79, 






!J. >J6. 



luuon 01 

oM, 353; I 

of i-iO^M 

I- ol l«i^^^ 



Eutben'*, MgmenUtton of, 44 : illatitda 
of, 90: placenta, 93; erolutioD of 
placenU. 96 ; Uulleriui duot*, 353 
tcet»l re»iii ration, 376. 

Eiitirn*, plaaula ot, 50. 

KxoBkeletuu of iuvertebntei, 9$- 1 
193-194. 

of vertabntea, 103, 193, 193. 

Excretory ontani, epiblaatio, of It 
uiolluaoa, lott, 13S ; of ailidt molU 
loS, 338 ; Halpigbiau lubutae of 
Mcta. (II. 1169, 338, 371 
duct, 339, 249 : hypoblMt)«, ampbl' 
poda, 169, 1S6, 238, 371 ; incanbUitB, 
7>> ; invertebrates, 137 i pUtyhel- 
mititba, 237, 33S, 149 i ehattopoda, 
70, 338, 371 i arllin>l>>Kia, 70, 338, 
271; moUuaoa, 70, 33JL 339, 349: 
chunltta, 70, 339 ; aaciiliaiia. 339 ; 
ampbu'xii*, 339; vertebnta, 339-i;o, 
371 ; pntUfpliroB, 339: meaoneplirut, 
341 ; lUf^taDipbtiM, 146; Buniiuary of 
dccelopment of Tertebrata etcrelarir 
organ, 348 ; epiblaatie origin of »eg- 
mental dueta. 339, 349 ; urogeniul 
ductii, 350-359 ; urinary bladder, 87, 
113.359- 

Riturnal oarotid artery, 324-317, 131. 

gilla, loS, 109. 179. 

iiiac artery, 234, 331, 

Eitra-brancbial oartilagea. 30S. 

Eitn^Cellular digeatioii, 373. 

Kjr, 153; eTolution of ferlebfmt* «y*, 
77. 163-164: eyo* of mollnaea, 152, 
154-157; arthrop-la. I53-IJ4. IS7i 
verlebtat-*, 157-167; fiiuctiou of ^. 
ment, 157; epipbydal (jkhmI) eys, 
139, 163, 163; "Tortebnta" Byea of 
iDvertebr«tea,i53.l63;"inTartelicaM*' 
■yea of lertebntst, 139, 163 ; muMlea, 
191. 

Eyelid, nerve aupply. 137 ; derelopment, 
161, 161 ; of c<|ibalotHida, 15J, 156. 

Facial, nnre, 136, 13$-I4i. 
FaldConu ligament, 313. 
Fallopiui tubea, 353-357. 
" KaiaiScatiuQ of embryologioal n 

333- 
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pii.. 



r. "03- 



Feneatra ovalia, 150. 
rotunda, t5a 

FertilltaUoii of uTum, 11. >77-sSOl ll 
lub, elysLs, 13 ; aignificanM of, 14, ^ 
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Field-Tole {Arvicoln), invenion of bUsto- 


1 Foramea cnoi.ni, 184, 185- ^^H 


derni, 93, 94. 


laoenim outeciua, — msdiui, — pCW- ^^^H 


Fifth .Tutial ner»p, 136. 13S-141. ■^o^. 


terJUB, 207. ^^^^^1 


Tenlricle. 13a- 


of Uunro, 125. 12S-134. ^^^H 


Fb'n;i, 203. 


— of WinaloiT, ^^^1 




Dvde of heart, zsr, 232. 336, 337. ^^^1 


Fir»torani»l nerre, 137-140. 


Fore-brain, 134. ^^^1 




y.iicle, I3J, 127, 134. ^^H 


GiualBOlb«ad,l39;Biiditarf Ubyrinlb. 


^^^H 




Foua Sylyii, 130. 131, 133. ^^H 






ejBlW., 163 ; julk-MO in larew, 171 ; 


ceota, ^^H 


blood lupply to lir-blulder, iSl, 333, 


Fourth cranial narre, I37'I40, 307. ^^^H 


S3S ; RoblBt orgme, 181 ; thyroid body, 


ventricle, 123-126. 134. ^^^1 


184; tbjmua gland, igjj icalei, 1931 




•olerotio boDea, 193 ; iohthyopterjgium, 


ooiparm, 36-381 blaatoderm, 39; ^^H 


ao4 ; oraniutn, 107 ; vuoeral arobes, 


primitiie itreak. 40, 43, 66 ; abnormal ^^^H 


309, *ioi potitioD of kidnajs. aia ; 




hMrt, 319 ; rediiotion of pharjnx, 


minal .all or ridge, 67, 373 ; fcetat ^^H 


139, 178. 323; cireiilation. 232-335. 


membranee, 78; pro-amnioD, 86; ^^^H 


FiMur«lU.«r«. ISS- 


ciliated neural canal, 1 16 ; naurenteria ^^^H 


Fl«ge!l.. 9S. 


canal. 117; nervous syatem, 118. 119; ^^H 


Plugellate infiiBoHa, I. 


braiu, 123, 125, 134; branchial aenis ^^^H 


Fl«iQingo(PttBniouplorua)feBdingyoung 


orgODP, 139; naaat paaaage. 144; audi- ^^^H 


173. 


tory orgui. 147. 148; eye, 15S. 160; ^^^1 






Plocculi, r26. 


muaclea, 191 ; diaphragin, 213; heart, ^^^ 






tole, 173. 




Frog, «egnient«ian of egg, ai, 32, 33: 






phrwi, 346-349; Hullerian duct, 351, 


UrTklrwpiratic.i.,87: urianry bladder. 






252 ; digestion of yolk in gorniinaL 


body, no, 1 1 1 ; netroun ly.Um, 1 16- 


wall, 272, 


^_ 118; bntin, 123-125; pineal gland. 


Kox (Cania vulpe.}, Giertner"« duel, 257, 


^L 117, IZ9, 163 ; muaoui canali of hcsd 


Funicular tiaaue, 27S. 




Furouia (of tongiie), 1S3, 


^P 141 ; posterior na^e^ 144 ; auditory 


Furculum, 101. 


^B Oraiclet, 153 ; auditory epithelium, 




166; origin of nsrreB. 166, 167; in- 


syatem, 114, 165 1 digdtiun of yolk. 


t««tina of tadpole, 176; cscuni, 1761 


272. 






_ 184; thymiiB gknd, 1S5J notoohord, 


OiBTHIB's duct. 3S7. 26a 


^ tS6; vertebral column, 197, 19S ; 


Qall-blodder. 173. 


H p«».>nl girdle, 201 ; diapliragtii, 213 : 




V heart. 3Jo ; aortic arohm. 133 ; xenoua 


Qanoidei, nervous eyatem. llS; cranial 


■ IJitera. 334, 33s ; anterior abdomiiial 


flexure, 133; oerebolluna. 136; nasal 


yam, 230. 334 ; Mgmentsl duct, 239. 


pit^ 143 : auditory lac, 167 ; pancrau. 




174; "Pir*! ■»»!»•, 175; pyloric cnca. 


pbriM, 343 ; epibLiatio origin of Kg- 


17s; peeudo-br»ncb,i78: operculum. 


^_ mental d1)c^ 249. 


179; air-bladder, iSo, iSi, 1951 der- 




mal plates, 193, 2ro; axial ekeleUin, 


^M FtEtal mambraoeii, birda, 78; reptilea. 


194-197; riba, 199; claviclea, 201, 


^H 84 ; Dumina!!, 84 ; aunmary uf evolu- 


202 ; caudal fin. 203 : cranium, 307 ; 


^M tino of, 95 1 reapintion, 276. 




H Food-yolk. S«"Yoik.- 


X 
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aortic trclic^ 135 ; Httllarlan duel 
(oviduct) Ui uiate, 2J4 ; gsuanitiTtf 
ducti, 158. 

Oiusriin e*iiglinii, 136, 13S-140. »?, 

auUrop(Mli,ut(>iitb, 146 ; efu, 154, 155; 
eiirti]nt(e of odnntoiiliar*, 194. 

Os'tnila, Z3, 168. 

QutruIMion, 16, 31 ; •chimxlanuata, 33 ; 
DudibruicbiBU, 33 ; ououIImiui, 33 ; 
proiobnuicha, 34, 3$ i cepbAlopodn, 
36 : Tirmei, 16 ; pcripatiu, 36, 37 ; 
oniBtacat, ag ; impbiaxui, 30; Um- 
I.i«y. newt, frog, 33, 33 ; idiml lyjw, 
33. 34 : elMroubranob, 33 ; fowl. 37. 
38 ; ciniry, 37, 38 ; niKl.li..8»le. 43 ; 
ntbUt. 46, 47 ; elwlin, 4S, 49 ; autim*, 
gtrjaa'a, 5a ; lijdroiu, 50 ; ipongH, 

Oecko, T«rtcbril cotiimn, I9S. 
QcaeretiTa org*u or |[Uud, 4. 59, 70, 

Oe(>ici>lat« pirglion, 138. 

QcDlUl Emioence. 174, l6t, 363. 

Oe]>lijtva. mmublut of, 59; DspLrUii. 
337,364. 

Qrrin calli, 5, 190, 377. 

aermiDal cpitlidiuiu, 5, 213, 36 J. 

•P"'. J. 9- 

w.wU.7. S- 

wall or lidga, 40, 6j. 373. 

Garm-plunia, 377, 378. 

(Teiyouia, dBUiuiaatioii of, JO. 

Oaia. Sit ■' BeapiraUiry Urgani." 

aliU. Set •■ Viaoand ClefU" 

Oinffa (Cftmalopardalia), pUoenlA, 93. 

O'uunt, »rUiropoda, I lo. 

OUiidf, apiblaatlc, udIccIIuIv, 103 ; lO'il' 
tieelluUr, ainple aad oomplei, lo6, 
107 ; mauiinarf, 106, 107 ; pro*i«iuiial 
rriial organ aud pigmaot apot* of 
DiuUuica, loS ; of ■tomodcum, no; 
of pmctodieiim, lol, 113 ; pinaal, tag. 
163, 163; thjtnua, 139, 184, 185: 
Incbrjmal, 163 ; LypuLUilIc, 169-171 ; 
.nd.«ijl«, 17a; gMtric, liY.r, 173; 
pantraaa, 174: itit«tiiul, 173, I76. 

uf ButbolkD, 36a 

of Littwrktthti, 373. 

Otouierulna of prTmajibraa. 139, Z40, 
148 1 of meoiiDaphm* citcrual, 344, 
145 ; intamal, 344-346. 

Qluaau-pliarjiiged uem, 13C. 138-141, 

Gloltii, 181. 

aoblat crIU, iSl. 

GuDopboTW, 363. 

GuQadi 16 




Oooaa (Aiiwr), neurantarit CMwl, I17. 

QorgoiiiidB, ccnanchfma of. 98, 194. 

Gruann (oUicIa, 6. 

Orem gUnd, 338. 

Qrowtb, 378, 379. 

QubarnMulum, 360. 

Gui..aa.pig(Ca»U),iuT. 

l»jart, 93, 95 ; api 

aagmantal diiot, 349. 
Quruarda {TrigLi], no'iae maila by air- 

bladdar, 181. 
Guatktorr organi, 145-1S1 ; of un- 

pbiuiiu, 185. 
OfinnidoDtoa (Tele.uU), nir^aaci. 183. 
QjriDi'iibilu* (Urulale), varUbrtleuloBB, 

197. 

H«Hii.(Tab, 19;, 196. 

llncDoglobiD, 314. 369, 

llwmuljiiipb, 369. 

Hair. deTDlopmant of, lOI, IM, 107. 

Ilaliotia eya, 155, 

Hatteria, pineal <;a,lZ9,l6j: ahdoinuil 

aplinU, 193 1 TcrMbial nuluHIl, I9&. 
H«d, 74, 75. 

cavity, 138-140, 308. 

f"ld. 39. 

- — - kidoaj, 239 ; <if Tcleoata. Z40. 

■' PlMnaphroa." 
Haart, UiTerlabrat**, 31 J, 3l6l va 

br»t«. 317-M3. 
Kedonlo giaoda, ill. 
Halii, •pennatoi'i'iiii of, 4 ; pisiviaiiMii 

ranal orgao of, loS : ay*, l|;5, |j6. 
Hamlaeyjua Tain, 338, 333, 333. 336. 
HemioLordata, notucbord of. 18& 
HapaUc artary, 3]6 

^ oylindera, 173. 

portal lyatam, 339, 334. 

v*iii«. 339, 331. 333. 3J4. 336. 

Hapato.pausrau, I71. 

HcpUncbui, Tiacanl datU, 139, l}S; 

cranial Kgmvnt^ 140 ; abvaues of 

prrkardUl budiea, I&4 ; bran 

Hnuia, 363. 
IIat«ro«n!*l Uil, 303. 
Ilatarupixla, utiicyit, 146. 
HciacoralU, caiiapohyaui, 98, 193. 
Uaxaacbui, Ttaecnl elntU. 17!^ 
Hrupoda, uouatie organ, 147, 
Hind -brain, 134. 

bmio »«aicl*, (33, 13^. 134. 

jor, 130-133, IJt. 
Hippolyle. auditory lac, 147. 
Uiaiogauatifl pi 




I 



Ilolocephil! (M -aiimieni"), miD.li- 
bular irch, 209 : abdumuul pon«, 156. 

Holothuroidea, reipJrMory trM*, 177; 
dermil ikclelon. 192. 

B«DiDG«rcaI tail, 104. 

HomopliMlic, X21, J49. 

Honi'crlliuf apMfrmU, lot : hom fibres 
□f iirind cord, tao. 

Horm of boTid», loj ; rhinocePM, 103. 
Horea lEqiiui), ipennatuiooD of, 4; 

nipple of, 1061 ataria muouliuus, 

25+- 

Hydatid of oiiduot, 151, 156, ij? ; "f 
Miifengni, 254, 257, 260; of Wolffian 
bodj (mMonepliTon), 256. 

Hydra, ovum of, 7 ; itnioturele** 1ame!l.^ 
ut. 53; endudermal muadei, 176: 
origin of aeiual calla, 263, 278 : 
uexual T«produstioa, 178. 

Hydroooralliiin, eaaencbyma, 98. 

Bydroid), iperniBlMjoon, 4 ; plaiiiiU, 49 ; 
■itult cunditiun, 71 ; nerrnus ajiteiii, 
113: origin of uiual oellB. 262, 263. 
Set " Hydra " and " HydroiWi." 

Bydromedune. gaatrulation, 4S-;a; gila- 
tiiioui tiaiue, 71 ; digcicioD, 168. 

Bfdroaoa, primitiTe genn-eelta, 6 ; mo- 
rula, so ; radial lyniiii^try, 71 ; cuticle 
or perinrc, 98. gte " Hydruida " and 
"Bydromeduw," 

Hyludea, larral mpiratiuii, 87. 
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Hyobraocbial rineorol cleft, 178. 

Byoid arnh, 178, 306, 209, 310 : >i 
of, 2i6, aJ7, 233, 234. 135- 

of amphibia and auiiiiuta, 21a 

Hyoatylio akull, 209. 

Hynmandibular, 153, 177. 

cUft, 178; oartilago, 208-310. 

Hypoblait, 23-48, 168 ; orgxm dei 
from tliB bypobliut, digejtiTa 01 
of ioverivbrntee, 16S-170; "liver 
bepato-paneraaa, 170. 171 ; meienl 
of cbordata, 171-176; pbaryni, 
atotoach, 173 ; liTer, 173 ; pancreas, 
174; intaatine, 174-176; andodennal 
muielat, 176 ; reipiratury orgam 
iiiTvitebraMa. 177 ; of cbordata, i; 
■ So; intHtinal resjnration, iSo; 1 
bladder, iSo, iSl 1 lunga, i8t, 18 
langna, 1S3, 183 ; tbyniid body, 183, 
IS4 : (iiymua gland, (84, tSj ; gual 
tury orgao of ampLioiua, 1S61 e 
omioij OTgatia, t86 ; notochord, beu 



cbordata, orocbordaUi.cepfaaloohordnU, 

186; tertebrtta, (86-1S8 ; (ub-uoto- 

cbordal rod, 1S8 ; urinary bladder, 

tS8; digsalioo, 27a, 273. 

Rypodermia, 153, 154. 

Hypogaatric rain, 239; artatj, 224, 233, 

UypiiglouUB nsrve, 135, 1401 tuultiple 

HypiipbaryngeaJ ridgo, I7J. 
Hypopbywa uerabri, 110, til. 1S5. Set 

" Pituitary body." 
Hyrai, placKnt*, 91 ; excit, 170. 
ilypural bouee, 304. 

laHTHiiia, Begmentation of, 34, 25 ; 
Teliger of, 99. 

1 i:b thy opai da, anterior com miaaura, 13I; 
innervation of lataml lino of head, 139; 
pruceu falciformis, 161 ; pbaryul, 
173; thyiQua, 185; (ub-uotucbordal 
rod, iSS ; derma, 190 ; oirouUtion, 
332-235 ; pronephrOB, 240, 248 : ma- 
■onepbroB, 248, 254 ; MulleriMi ducl^ 
153 ; digestive glanda, 273. 

loblhyopterygium, 204. 

Iii..o vailJ^ 232, 234. 

Dium, 103. 

Iiicni, 151, 151, 309. 

Inferior (posterior), cardinal Veins, 224, 
338-230, 332, 234, 236. 

— vertebral vein, 229. 

Infracliviclea, 201. 

Infuudibiilunn. 77, no, in, 124, 125, 
127, '28, 132, 134. 

of lun^a, iSl. 

Infuaoria, artificial divigion, 278 

Inguinal ring or canal, 214. 2(>2. 

lnk.aac, 170. 

Immlgntion {gutrulation), 48-50. 

Inner-layer cells, 44. 

InDDminat« vein, 230, 3*8, 232, 233, iJS- 

loaecU, primitive gertu-eelia of, 6 ; *eg- 
mentitiim of, 39 ; meaoblait of, 57 ; 
blastopore of, 58 ; cixlom of, 58, 59 ; 
amnion, 96 ; aalivary gland* of, 106, 
no; stomodasam and derivitliTes, ito; 
pructodEBitm and Mnlpigbian tiibulea, 
III, l6g, 23S; auditory organ, 147; 
eyea. 153, 154; meaeotaraD, 169. 

Inaectivura, ineaoblaat, 68 ; placenta, 91 ; 
deciduB reSexa, 93. 



'. 95' 
lutercalaiy (interliumul and in 

Interclsviclea, 20 1. 
lDtercost.lI Teiim, 328, 133. 



r,l) 



lutanaedlKta ceU-mu*, 191, 313, 143- 1 

345. '49. 350- 
Internal carotid utary, 334, 337, 331. 
Interrertabnl ditci uid tigaiuiuU, 198, 

199. 
iDtMtina, iuTertobntei, 169, 170 ; ebor- 

data, 17 1 -176. 
Intnicellulu- digrition, 37Z. 
loTenioD of gCTminal Uyurs in rodent*, 



63; of 



93- 
Irii, ntrvB aupply. 
cephalopoda, 1 55, 

Iiidlne, cteavuclifniii, 194. 
Itor (a tertio ad quvtuoi tentrjculuni), 
133-136, 134. 

JuocuB vjun, 13S, 339, 333-334. 

KaBroEUiuo, iS-30. 
Kanboliim of pnituplMiii, 378-380. 
Keel of ittenium. Zoo, 301. 
Kidn*7 (proper) o( Terteltralrt, 339, 
346. Srt " MeUDBpkro^" 

Labia icuoni, 36c^ 363, 

oiiDun, 363. 

LkbjrriDttiodoQta, parinlul furanwn, 139; 
probable pineal e;e, 163. 

Ijurerta, Ste " Uiard." 

LAcbtjmal duct, 145, 163. 

gluida, 161. 

Lacteali, 374- 

Lamallibranchiata, ■bell-gland, 99 ; gilU 
ot, loS; narToiia ajitem, llj. 

Lamina termmalia, 134, 135, 13S, 139, 
13'. "33. 134- 

Lampre; (petroniyannt, aegtneDtation of 
egg, 33 ; meanblaat, 63, 64, 69 ; (aM of 
blattopore, 77 ; teetb, 105 ; itomo- 
daiim, 1 10, 111 ; pituitar; b<yiy. Ho, 
1111 deTelopiuenl of iienuua tjiatiim, 
tiS; neurameriim o( bead, 141; 
pbarTOX, 173 ; gill- pauebei, 17S ; 
thyroid bodj, 183; tudinieDt* of peliic 
liDii, 304 1 (iaceral arcbea, 30S ; heart, 
3171 pronepbroa, 341. Stt "Cjolo- 

'Ltnx (free), 78. 
Lairni, 1S2, 174- 
Lataralfin, 77, 193- 

lint, 139, 14S. 

ventriolv, l>4, tSS, I3S>I34. 

Leech (Hirudo), guiric diTerticula, 16S ; 

■keleto-tropbie tiuue, 190 ; origin of 

blood-TfBHU, 114. 




Leiodera, plnaal eje, 163. 

Lemiin, cerebral 01 

Lemiiroidea, placenta, 93. 

Lena capiule, t63. 

L«n* of e;e, inTprt«bnitei| IS^ISTH 
TiTtebratfa, 158-164. 

Lepldoaleui, devalopmant of nerTMi 
ayBlem, liE ; axial akeUton, 19S-19* 
craniuDi, 307 ; pruaephroa, 340 : aoD- 

phrai, 354, 358 ; oiiduct, 35E. 
Leptocephalui, 366, 
Leptoplana. •rgnientation of, (6 : in*- 

Mnia:!b<'ida of, 54. 
Leptfchiater, direct developnent, 36$. 
Lepua. See "Rabbit," 
Leucocjtea, 190, 374 ; digealion bj. 37^ 
Levator patpebts ■u^'eriorii^ nrrra 9' 

>37- 
Lejdig'a duct, »SS. 
LigaueDtum longitudinal* Hipariiii^ If ^ 
Liinai, tjt, 156 ; origin of ganglia, 16^1 
Limba, muMulature, 193 ; unpair*^ | 

303 ; paind, 304. 
Umpat (Patella), eja, 155. 
Idmtiliiii, ipermrttoioa oF, 3 ; rMplrAtinn 

■if, 109 : lateral and oantral ejf, IJ}, 
Liueiia, legmenutioD of egg, 36 1 m*- 

aamotboida of, 53, 54 ; niaMUchf bm- 

toui origin of oervom if itvin, 165 ; 

origin of nepliiidia, 3;" 

■yateiD, 37I. 
Lingual artery, S33, 335. 
Liquor amni-.Bt. 
Liver, ao-called, of InTettebrvUi, t74l4 

171; of cbordata, 173, 174; blooil 

■upply. 339-337. 
LiKard (Lacerta, except when otberwia* 

nieutioued), pHuitiT* alreak, 4l'43; 

blailopore, 44 ; mimoblaat, 6 J, 69 ; 

proctodeum. 77 ; embr^onia mem. 

branei of trachj-doaauru*, 84 ; am- 

nection of ;oik-aiu3 with oviduct in 

latter and cyclLMJu*, 96, 373 ; pro- 



»of I. 



>, 86; 
'03. '93: 
pineal gland and pineal eye in Tariou* 
liiardi, 139, 163, 163 ; aiiditorr 
uiuclei (Tarioua), 151 ; cloaure of eye- 
lid* (varioDi), 163; thyroid bodfi 
1S4 : Lbyniua gland, 185 ; notocbord, 
1S6, iSS ; diiipUragm, 313; aortic 
archaa, 337 ; meauDepbroa fuactioual 
with melanepbrofi, 147 ; WoltBan 
tubulai., MgrnoBtal, 3481 epiblaatic ori- 
gin of aeginental duel. 350 ; Milllaiui ' 




I 



(luet(oTidiiet)iD tnalo, 354 ; persistent 
Wolffi.n dutt, 257 ; blidder, 259 ; 
digestion of julk in germiual wall, 

Lobi inferiorei, 127. 

Loeomotorj Bppendagea, 303 ; inverte- 

bn[«, 201, 303 ; chi.rdatR, 203, 204. 

Loligo, sliell-iae, loO ; eye, 154. 

LopbiuB, pronephioB, 24a. 

Lorjcat*, pUcetita, 91, 

Lower-Uyer cell*, 33, 34, 36. 

Lumbrioiu. See " Ekrtbwunn." 

Lang*, 7S ; invurtebnitM, 109 ; vertA- 
bratea, 181 ; homology, 1B2 ; blflod 
•apply, 322, 236-22S, 231, 333, 235- 

337- 

LymnEeui, Teliger of, 99 ; itotnodnuni, 

Lympb, 267, 269, 270 ; corpu«oleB, 274. 
l^mpatliic gUnil, 1S4, 240, 254, 274. 

HACBonts, oommiiniention between va- 
ginal ctecum ntid urogenital sinus, 253. 

Macula acunticit, 146. 

Malleus, 151, 152, 3og. 

Mallotui, peritoneal ducts of orary, 258. 

Unlpigbian budj. 237. 242, 244, 245. 346, 
24S, 149, 256 i prunspbrOB of teleuBtei, 

layer oE epidermis, lOO-IOl, 106. 

tubules, III, 169,238. 

Hatnmalia, ovary of, 6 ; spermatoKoa, 
II, 14; aeemeiitatiuQ blastudermic 
vesicle, 44 ; lueBublast, 6S ; umbilical 
cord. 84 ; pro-awnion, 86 ; epidermis, 
101 ; hair, 101, 103 ; sciiea, 103 ; 
pituitary body, 1 10 ; aympatbetic Der- 

Btire, 124; brain, 125-134; cerebellum, 
126 ; corpora qkiadrigemina, 126, 137 ; 
poiterior commiMUro, 129; cerebral 
liemiapherea, 130; septum luddum, 
132 ; corpus callueum, 132 ; cudtuIu- 
tiuns, 133 ; olfactory lobes, 133. 
Hammala, superficial petrosal nerre, 13G; 
neani segiuentation (ueuromerisni) 
of bead, 141 ; oocblea, 149 ; fenestra 
rotunda, 150; labyrintL, 150; scaln, 
150; tympanum, 151 ; auditory oBSi- 
elaa, 150, 152; retinal bluod.Teaaels, 
161; nietitatiog msmbrane, |63 ; eye- 
lids closed in some embryos, 163 ; 
pineal glnnd, 1631 stomach, 173: 
digestive glands, 173, 174; intestine, 
174-176; liver, 173; ca«utn, 176 ; 
visceral arches, iSo ; lungs, 181 ; 



X. 325 

thyroid body, 184, 185 ; thymas gland, 
1S4, iSj; Dotoohord, 1S6, tSS ; der- 
mal skeleton, 193 ; vertebral eolumn, 
196, 198, 199: sternum, 200; pecto. 
nl girdle, 201 ; mandibular arch, 209 ; 
liyiiid, 210 ; rotation of stomach, 313 ; 
omentuni, 3|3 ; inguinal canals, 214 ; 
heart, 21S-223 ; division of truuaua, 

332 ; ventricular septum, 222 ; aortic 
arches, 226, 235 ; venous system, 22S- 

333 ; cireulslioQ in fatus, 235-237 ; 
uterus, 253 ; vestigal structures of 
Wolffian body in adult, 255-357, 360 ; 
ureter, 258. 

Mummary glands, 105, 106 ; of mono- 
tremes, 106, 107 ; evolution of. 107, 

Msn (Homo), spprmatoioon, 4: fietal 
membranes, 88 ; placenta, 92, 93 ; 
epidermis, 101 ; mammary gland, to6, 
107 i musolc-fibres of sweat glands. 



h '*5 ; ' 



I slbics 



,137; 



cerebral hemispheres, 130; fifth v 
tricle, 132 ; convolutions of cerebrum, 
■ 331 olfactory lobes, 133 ; persistence 
of vitelline duct, 171 ; pancreas, 174 ; 
valvultB eonniventes, 176 ; CKCiim, 
176; visceral clefts, iSo, 1S3 ; laryn- 
geal diverticula, 182; tongue, 183; 
thyruid body, 1S4, 1S5 ; thymus gland, 
184, 185; rotation of stomach, 21Z; 
omentum, 213; diaphragm, 313; heart, 
230-222 ; tcntal circulation, Z31 ; ute- 
rus, 93, 93, 253, 354 ; double uterus 
and vagina in anomidy, 253, 254; 
hydatid of Morgan!, 254. 256 ; uterus 
mascniiniis, 354; );eneruliveglaiidaaiid 
ducts, 356, 357, 360. 

Mandibular areb, 209; artery of, 151, 
226, 227, 233, 234, 235. 

artery. 151, 235, 

Hanin, scales of, 103. 

Mantle of mDlIueca. 99. 

Manubrium sterni, 20a 

Msreipobianchs^Cyclostomi. &e"Lilti- 
prey" and "Mjtine." 

Marsupials. See ■' Metatheria." 

Maturation of ovum. 9 ; significance of, 
M. 15- 

Ueckel'i cartilage, 151, 306, 308, 209. 

Mediastinum, 313. 

Medulla oblongata, 123-136, 134, 135, 

Medullary. iS« " Neural." 

Medusn, mesoblsBt of, 53, 71, 1S9 ; 
auditory orpins, J45. 

Medusoids, 363. 

Msmbrana adauantipa, 105. 



^m ^^V^^^^^^^ 


H )l«nbnM,b(>n<Nofiki.U. 310. 


oirouUtinn, 334. 3JS; ritelliH dr«iiU- 


^H of D«M«ii«t, 162. 






alkntoic, 330-353 ; eireulMioo in icb- 


^^K partion of uratLr^ 362. 


Ihyopaida, 333-335 ; oKrelmj oijaiia. 


H H.a»ci, 198. 


337; iniertebratea, a37-»39 : <*«'- 








napbroi. 141-346 ; metaaapbroa, 346- 


^^^^L 369, 370, 374- 




^^^^H MowDMphilon, 130. 134, 


renal bodioa, iS*, »59 i B""™"**" 






^^^^^ HeMDtiric T.in, jig, 331, 333. 


374. 


Meuntrriu o( tclinoKM, 73. 


M'Bublutic (maaodaraial) band*, 73: 






171 : cbordui-, 171-176. 


p«ri|.li.«, 59. 


Muanterj, 311,313, 37a 




MaMHuin. 313, 356. 






Me.<»«W 31 >. ^H 




Meaoderm, 51, $1, 69, 71. ^^H 






pUtyheliuiiilb., 53; Bb»u>pod«, 54; 


Meaogtow (of ctelaatermU), 193. ^^M 








(Wotffiui) blailema, 145-349. ^^H 


55 i »gitu, 5S, 59 : br«hiopod.. ss. 




ac); p«rip»tm, 55, 59. 76; bmbuio- 






345, 148.349: Mieotai, 246; awptu- 




bia, »4>. 346, 348; I<"»1. *43-^^- »4^ 


■uiphioium, 55. St, 6oi IHUin, 6i : 




kniprBj. 63 ; (rug, 64 ; triotijx, 65 ; 




liurd, 65 i fowl, 66 ; mole, 67 ; orgiaB 




dsriTBd from mwoblut, indifferent 


356-357. 360, , 


muoblMt, 1S9, 190 ; derniBl meio- 


Meaorvbium. 112. ^^J 


blwt, igr; miueuUr ayitcm, I9i><i93i 




dsruil ikdatal itruotutM in»<Tlis- 


M'wtbalLum, 53, 55-70, 311. ^^^M 


bnilM. 191 ; chuni«U, 193, 19J ; eu<<... 




■kiilaul utructurM, inrerobrikto, 193, 


MeUmeriam, 73, 74, 141. ^^^H 


194 ; chordkt*, 194 ; vertebral Doiunm, 


of body, 73. ^H 






cbofd, 194 J verUhrBl irabM itid 


d..ct, 358. ^H 


Iwdiei, 195-199: G*bM, 195, 197; 


MaUuepbrua. 339, 146-349 ; fowl. ■d'^^H 






■iinlia, 198; riba, 199; itemum, 100; 












Riadiin fin, 303 ; Mudai fln. 303, 304 ; 




paired limbi, 304; alcull, 305-311; 


96: munniary glanda, I07 : cerebri 


Rniiiuin. 305^307 ; Tiioerml krcbn. 






nach, 173; MUllfriali duot, 3511 


■rch, 309, ito ; bruicliul irflbaa, no ; 




darmU booaa. »lo; body caritj. 311- 




313; moaenterr, 311; pericardiiini, 






kii^aia. ud dir>et DUolaM- divtalM 0^ ^^ 




^^1 






blW-raaaala, 214, 315; fotni.tioa of 


Uid-braii., 136, 134. ^^M 




Middle-bniii taaicle. lU, 136^ 134. ^^H 




37}- ^H 



Mitrooonia, Bilditory organ, 146. 

Mi>le(Tal]>a),blaBtodermor,46,47;nieaD- 
blut of, 67, 6S ; inTenioD of btuto- 
derm, 53; naurenterio can.l. 117: 
optic Teciclee, 164 ; poctural girdle, 

MolliiKik.BegiiiiintHtioii Qf flgg, II : nieio- 
bloat, J5, 59, 69, 19a ; pericBidium, 59, 
7a, 249 ; arcUicceluiiB cavities, 69, 70 ; 
■hBll'gUud, 99 ; proTiBional runal or- 
G*uB, 108, Z3S ; pigment spot*, loS ; 
regpiratorj organi, 108, 109 ; rndula 
aac, 99, no, 170; nervuuB ajaten), 
II3-I16; oBpbradiiira, 142; oMcystB, 
146: ej«, 152, 154-157. 163, "64; 
eToluUoD of senae-cellB, 166; alimen- 
tarj canal, 170 ; aaliTaiy glandi, 170 ; 
"liver," 170, 171; Teliim, 99, 203; 
heart, 115 ; nepliridia (orgnUB of Bo. 
januB), 70, 108, 337-239, S49 ; SO"""" 
ti»B ducla, 70, 237, 164, 

MoQuU, cuiijugatiuD of, 14. 

Hooaaler, iS. 

Honkayi, cerebral eoDToIutiuns, 133; 
OBTtneT'i dact, 35 7. 

Uonodeiphia. iSte " Butheria." 

HonomeniacDua eje, 153. 

HonoatichoiiB eye, 153. 

HonotraiuatA. Set " FrulotbeHa." 

Mom veneri*, 262. 

Monnyrua, geoeratiTe diicte, 25S ; abdo- 
minal porea, 258. 

Morula, 50. 

HoacbiiH, placenta, 92. 

Hotoroculi, 137. 140. 

Mouae (Mua). iuTeraion of blastodwm, 
93, 94 ; tnainmary gland of, 106, 107. 

Boutb, 75. 

Uucoua canals of band, 138, 139. 

lajarofakin, 100, lOl. 

Hilllerian duct, 351 ; etasmobniDcba, 
351. 352; ampbibifl, 251, 352; fowl, 
351, 352; aauropBidu, prutDtheria, 
353 1 metatberio, 352, 153 ; eutberin. 



=53". 



I foni 



of I 



iialiai 



itrencs In male, 354. 
355 ; recapitulation of evolution of 
MUllerian duct, 254 ; bydatida of, 352. 

Hunenidn, abdominal purs, 25S. 

Murex, ibcII-gUiid of, 99; primitire 
kidney, 99 ; development of otucjBt, 
146 ; development of eye, 154; nervoue 






16S. 



lerBion of blaBtuderm, 93, 94. 
Uiiicte-plat«, 191. 
Hiiacles, 269; epiblaatie, 108: Innervi 



EX. 32Y 

tion of eye-muaolsi^ 136. 137 : endo- 
dermal muaelm, 176; non-etriated, 
190: muaoiilar flyatem, invertebratea, 
'9a> 191 i ebordata, 191, 192; biito- 
geiieaia, 192 ; of eye, 192. 

Maatslui, utarun, 95. 

Myelencepbaloc, 134-136. 

Myalon. Ste "Spinal Cord." 

Myoepithelial cell, 156, 



Myot, 



'. 199. 



Uyriapoda, antennn. 115; eyes, 153; 

meaenteron, 169. 
MyrmecopbagB, poHtarior aar«B, 144. 
Myxine, nerveaoC, 120 ; diapbragm, alj ; 

ubience of glomsrului to pronspbroa, 

248. 



tiaaai laaece, 137. 

NiuBa, Begmentation of, 53. 

N.tlivs bnar (Pbaacolarctoa), feetal mem- 
branes of, 89. 

NaupliuB, appendage*, 115 ; proctodaal 
reapiralion, 375. 

Nautilui. ot.>litb, 146 ; eye. 155, 156. 

Nematocysta, 99, 

Neniatoda, apermaloiua of, 3, 4 ; meso- 
blaatof,59; otocyata, 146; nephridil, 
'37. 

Nemvrtea, ralatioQ to churdata, 74 ; ecto- 
dermal muscle-calln, loS ; oillated pits 
of, 109: nervonaayalam, 113; otoeyata. 
146; gaatrio diverticula, 168; Depb- 
ridia, 238, 24J ; veaioular conueotiva 
tiasue, 270. 

Neomenia, nervous ayatem, 11$; rectal 
reapirutioo, 177. 

Nepbric groove and canal, 35a. 

Nepbridia, 59, 70, 237-250. 

Nepbrostome, 237, 239, 349, 344. 

Jlorvoua ayatem, 113-167, 376; evolu- 
tion of, in chordato, 77, 167 ; develop- 
ment in Invertebratea, II2-I16; in 
ebordata, 116-141. 

Neural arch, 195, I96. 

creat or ridge, iso, I34-138. 

— -~ plat*. 73; (unMgmsutsd), It6-ll8, 
164, 187. 

Nrur-amuiotio cavity, 94. 
Neurenteric canal, I16. 
Keuro-epitbelial Fell, 156. 



^M 928 ^^^^^^^^^H 




Olfactory nerraa. 134, 135, I33, 135. 


^H iDNobtut or. 6t, 61. 69; oiitl liypo- 


137. '40. 143- J 


^H blut. primitiTO Btreak of, 77 ; epiblnst 




^^1 o[, 100 : pituiur; body, ill; puat- 


cbordala. 143. ^^M 


^^M intl gut, 117; cnoUL Dn-Tc^ 13S, 


Oligochsia, gutrulation. 36 ; mooUntK^^H 


^^1 167 : Dcural cnrit, 13S ; l^ttrel line 


S4. ^^1 


^H orguit ol beul, 138 ; DaU»har<1, 1S6- 


Olivar]' bodiea, 13G, 134. ^^^H 




OaiBututn. ^^^H 


^H Kuu, 355. 




^^1 Nictilatiog membrane, 163. 


Ommatidbm, 155-157. ^^H 


^M nerrc .upply, 136. 




^H Nishtingaie (Luscinift luuinia), bluto- 




^H P«r"< 43- 


Ompbalu mcMnteric Titclline t«1di, S5, | 


^H NJQth cnaiii Durre, 136, 138-141- 


laj, at8, 319, 334-336. 339-134: J 




artoriot. aij-316. 331. 1 


^M Noatiil. opitricliid l>yer io, 101 ; dsTcl. 




^H opmsDt, 144. 


Ontogeny, ^^M 




Otigenoiia, 280. ^^^H 


^H TiKcral arobss. SoS-IlO, 


Uo.p«Tn. 3, IJ 14. 2-7. ^^M 




Ooaphere, 14. ^^^H 


^H lumieUordala, 1S6 ; of uruchordiU, 


Ooaporv, 14. ^^^^1 




Opi-rculiim of fiahei, 151, 179 ; of bate* ^^^| 




Dogloa.u<, 177. ^^M 






^m Nolochordal btuovs, 1 86. 


Opiiiuroidea. larral akeloton, 194 ; arm*. 


^H liMue, 169. 


201. J 






^H Natotrema, larval rMpiration of, 87. 


^^H 


^H Nuoltar diriiion, 17; iaditvct (karyo- 


ganslioti, 137. ^H 


^H kineaia), 18, 19, 20 ; direot, 18. 19, ao. 


Ovhtbalinivua *<.p>rGa>alii, I3S-I36. ^^M 


^m ipindle, 17. 






loS. 1 


^H 


Opiatboccclwia Tert.br», 196, 198. 


^H Vucleiu pulpoaui^ 198. 




^H NudibratidiiaUB, it^nueiilatioi) ot, 31, 


ol. 89 ; oTiduBla, 353. ^^1 




Oplio cbiuma, .24. 135, 137. 131. Ijfc ^^M 


^H Nympbe, 360, 361. 


^^H 




c.ip,.5S,i64. ^H 




lobta, 123-137, 134. ^^M 


H ot. 48, 49. 368. 


-nerrt, 137. 157, 16ft 161,307; of 1 


^H Obturator fonman, 303. 




■ OcdpiUl r<«iol., M7. 


'S3-I56 J 


^H ragianof haul. 141. 


tlialamua, 124. 125, 138. IJO, I3I. ^^J 


^H Oclactinup. apieulc*, 193. 


■34. ^^H 


^H OctQpua, ah«11-tac of. 100. 


Tuiclea, I3J. 117, 157-161, 164. ^^^H 


^H Oculomotor nerTs. 134, 139-141. 


Orbito-tpLenoid caitilngv, 307. ^^^H 


^H Odontublaila, 104. 


Organ of Bajanui, 338. ^^^1 


^H Odontopbon, »phalic ey». 153. 155 ; 


of Corti, 149. ^^^^M 


^M renal organ.. ajS. 


of Oiraldea, 357, 360. ^^^H 


^M Odootopbore, no ; cartilago of, 194. 


of Jaouliton, 145. ^^^^M 




Urgani of Ut«ral Una, 139, 148. ^^^H 






^H 170 ; cLordata, 171-173. 




^H Olfactory bolbi, 138. 




^M lobM, 134. "S. "7. 130. 13a. 133- 


Oamarui, oviduct, 358. ^^^^M 


■ 3>4' 





^^^^^^^HP ^^M 


0» tinctE, JS3- 


Peeten of tjt, t6i. ^^^^| 


Ob uteri, 35^. 


PKtioidft pdlial ey<», 163. ^^H 


Otoconi., 150. 


Peototai Binlle, 300-101. ^^^H 


Otocjat, venoeB. 146 ; molhnoa, 146 ; 


PelngU, direct deyelopTjiaiit, 265. ^^^H 


■rtbropode, 146, 147 ; tunioala, 


Pultio Eirdle, 202, ^^^H 


4ir- 


Penia, 260-363. ^^^^| 


Otolith, meduiK, 145; TerniM, 146: 


Peptic BlaodiM 73. ^^H 




PerHmelee, mammary gland of, 107, ^^^H 


eal». 147 ; TBrtebrttrs, 149. 




Outer-Ujer celti, 44. 




Ovnriiu) tubes oF Pfluger, J. 


PeribraocLial cavity of tunlcnta, 177. ^^^1 


Oriduet, 5, 254; uterioB poinp«rtm™ta 


Perioirdium of molluKa, 59, 349; of ^^^| 






birdj, 351 ; mamiKKlt, 96, 152-254. 


with nepbridia, 337. ^^U 


OTum, 3, 4, S, 7. 377-2S0 ; of Tartebrttes, 


Perichondriiiin, 197, 301,209. ^^^| 




Perilymph, 150. ^^^M 


5 ; brdns 7 ; ««-urchin, 7 ; cat, 7 : 


PeriDeum, 257, 161. ^^^| 


fowl, 9 ; MiiropBida, S ; itructure, S ; 






26, 37, 267 ; meaotfaelium, 5$ ; foroia- ^^^1 


fertUi-tlo., ,2-,5. 


tioD of somitea, and origin of Dephridin ^^^| 






PALfMoN, heurt, 216. Sec "Prairii." 


blaatopor', 75, Jb ; mesentaron, 169; ^^^1 


Putstine, 209, 




diviuon of fHoUl. 136. 


23S. ^H 


Pil« to - quadrate or paUfo -pterygoid, 


^m 


306,209. 


Perlsaodactyln, placenta, 92. ^^^H 


ti«becnliir ligament. 209. 


Peritoneal tunnel, I40. 342, 344. ^^^1 


Paliminu, auditory aac, 147. 


Peritoneum, 311,212, ^^^^^M 


Pallial meinbiBDe, 99. 


Petrom;xo». .See "Lunpray." ^^^H 


Paludina, f.ite of lilaatopore, 76; otolith. 


Fetroui gai>Rlion, 13S. ^^^1 


146. 


Phagocytes, 374. ^^^1 


Piino rails. 174. 




Parachordal, 205, J06. 


TagioB, 153. ^^H 


Paradidymis, 26a 


Pbarjni of chnrdata, 171, 173, l77-(8o. ^^H 


P*r»-epididyDii«, 157, j6o. 


Ph»cularoto«, fa'al membraiiBB of, 89. ^^^^| 




Phociei»,hyaid, 21c. ^^1 


Parapodia, 202. 


Phoroiiii, intracellular digeitinn id larva, ^^^H 


P>ruphBO<>id, 310. 


^^H 


Pamnchymula, 27, 49, 167. 


Phylogeny, 3. ^^H 




Phytocliati, air-bladder, 181. ^H 


perieardium, 213- 


Pigeou (Coliimha), feeds f oung, 373. ^^H 


Paroophoron, 257, 26a 


Pigcaent-cella of derma, 190 ; of eyes, ^^^H 


Parorchis, 255. 


1 51-157- ^H 


ParoTarium, 256, 257. a6a 




Parrot (FaLttacUH*) Devirenteric cjuiol 


Pig (Sua), placenta, 91 ; nipple of, 106 ; ^^^| 
ipinal cord of, iio ; ear, 151 ; laryn- ^^^| 


117. 






124. 


tbyroid body. 184 ; thymus gland, ^^^| 




184 : Gaertner'a duct, 357. ^^M 


124. 


Pilou, placenta, 91. ^^^| 


Parth„nogene«iB, 3, 15,^78. 


Pineal eye, 129. 161, 163. ^^M 


PatellB. eye, 155, 164. 


gland, 134. 125, uS, 129, 133, 134, ^^H 


PatbBtic narvB, 137. 


163, 163. ^^H 


P«K!hi«, endodermol r«ipirBtiou, 177. 


Pipa, larval respiration of, 87. ^^H 


Pecora, placenta, 91. 


PituiUry body, no. III, I24, 115, I^' ^^^| 


Pooteu, pnllial eyes, 151, 163. 


134. 1S5. ^^H 



'330 ^^^^9^^^^^| 


PituiUtj apicv. Z05, 106. 


189; ipicule*. SI, 189, 193; tanncle- " 




oelli, 51, 189; gBrin-cslln, 189, »«j. 


dome-ahnpeil, 91 ; amxij. 91 ; diffiua, 


378; digution, 374! uhumI npio' | 




ductioD, 378. ^^^H 




PurUt circnUtioD, 134. 335. ^^^1 




n\n. 319-131. 136 ^^^1 




Portio ficUlU, 136. ^^^1 


230-333, 336. 337. 


— profundt <or mtDorl, 137. ^^^H 


Pl^c^Dtal wc of binli. Si ; ol wu-bler, 




83. 


cI>vicU>, 30I. ^^H 


PImcoid aealct, 103, 193, 193. 


PoatehuT brain thicIp, I15, 134. ^^^H 


riHkuU, 33, 36S. 


(infaHor) eudiaml niiu, 224, ai8- ^^H 


rinnarU, olccyit, 146. 


a3& ^^H 


PluiorbU, org«ii of Bojamis, 138. 




rianula, 49-51. 


^^H 


Flun» of blood, 314, 115. 


n.rM, 144. ^^^m 




p<.1yic tern, ^^m 




vertabnl vein, iz8, J36. ^^^H 




Poit-tcmponl bonw, jol. ^^^^| 


59, 69 : "tbicaloai CTitlr, 0/, 69 ; 


Hmbranchiil oerr^ 138. ^^^| 


Tcpatition o( int«ni»l orguii of, 73 ; 






Priwn (Palnmaii), ludilorTiiTtan, 147: ^^^H 


ii.<»alM. 190 ; nepUridU, aj?- 


b«rt, ^^^H 


Pl«iine. 31 J. 


Pre»Til TBLti, 334, uS. ^^^^1 


PLuro-peritone.! MTifj, 78-83, 3tj. 






Pnhjnid kortio uvb, 335. ^^^1 


181. 


Picn*ul Toatnim, 306. ^^^^| 


Pleuroperitoneal c«vitf , 68, 78. 


Preoril lobe. 74, 76. 77. 164. 305. ^^H 


I'liOB .rjepiglottice. 185. 


Preorbiul prucn*. 306. ^^H 


Plut.i. ^.ilM, 194- 


Pn'pituitiif7 region of bfad, 141. ^^H 






P.««ngl.nd^ 106. 

Polw oeWM, 10-15, 377-38a 




PrlniAtea, vvririLionii tppvudix. tjo, ^^^^^^| 

Primitirs gnnre, 39, 40. ^^^H 


alli (Polir bodiM or globnlBS), fm- 


~ □», 5 ; gcrni-nlli, 6. ^^^H 


initiua of, \a wtciui, lo ; *\f»\it. Id, 


atrMk, 39 ! nature of. 41. 1 


II. 


Priitiunu, 120, igt. Set "Dog-fiih." 1 


FoljcUdM, origin of witul oelU, 




^ 363. 








^^^^^H Pulfodon, uiftl akdotoTi. 194, 196. 




^^^^H PoljpMrui, nternikl gilli of lu-<«, 109 : 


grscilii. i;i. ^^^H 


^^^^^H Teutr*! orift«e of pQeumatic duct, lS3 : 


laginalia, sCr ^^U 


^ W«kI •<>pi>1j of Kf.bUdder, 333, 335 : 


rrocteloui Tertebng. 198. 


^M oTiduot, 15S. 


PrnctuHeiim, 76, III; ioTtrMbntaii 




III. 169, 170; »Brt»brat«. 113, 350, 




i6l. 


■ 37S. 




^1 PuDd-iiuJI. .Sec-Lymoau^" 


Proiwphric duct, 239, 354. 


^H Pon. V.rolii, 125, 1 j6, 133, 134. 




^H PonuUn, 67. 








^H 48, SO. S': p1""il», 5°; Mnpbi- 


fowl, 241, 348 ; lamprej, 14I ; dcgwc 




mtion in Eahea, 359. 


^H 1S9; nerroui *j*tatii. 51, 165, 189; 









^^^^^^^^^^^ max. ^H 


Prosobnneli gastropoila. o« of, 6 ; seg- 




menlation ot, 24. 25 ; proTiioml kiii- 


dermic vesicle, 44, 45, 4G ; faul ^^^| 


nej of, loS ; pigiueat (pota, toS ; 


membranes of, 85, 87, 9°, 91 ; deva- ^^^| 


nerroui Bjslem, 114; digMtbn o( 


lopment of brain, 127, 132; aye, t6l ; ^^H 


yolk, in- 


visceral arcbrs, iSo ; tbyrnid body, ^^H 


ProdtuM glli'd, 260. 


184 ; pectoral girdle. 201 ; diaphragm. ^^1 


Prostatic porlitiii of uretliri, 362. 


2131 heart, 3l6 ; epibUstic origin of ^^^1 


ProtJBta, nlwence of nuaUu* io, UL 










scrotal sacB, 262. ^^^H 


S. 19. 




ProtoplMmio cotitiiiuitj ol uimd oelJi, 




267. 


Radii looga, 135, 137. 140. ^^^1 


Protoptsms, oTiim of, 5 ; external giUi, 


lladul^ 99, ua ^^H 


109 ; lyoid loi-tic arob, 233, 


RflJA, pineal gland, tig. ^^^H 


Prolospougia, 3. 


lUna. Stt •• Frog." ^^H 


Prototheri., egg« of, 46-48. 89; mam- 


Raoodon, vertebral column, 197. ^^^| 


mary glandi of, 106, 107 ; cerBbellum, 


Rapbd, 261, 362. ^^^1 




Rat (Mus deoumaiKia). spermatogenesia, ^^^| 


1*7; oorpiK osiloaiito, 132; oocliles. 


1 r. 11 ; invenion of bl.Btodenu, 93. 94. ^^H 




RatUke's pouoL, 174. S« " Hypopiijais." ^^M 


toral girdle, 301 ; Mulleriau duct* 


KatilBi, sternum, 200. ^^^| 




Rectum, arthropod*, 109, til. ^^^| 


as*. aS3 ; umter, a j8i urioarj bLuider. 


R^cealua veatibuli, 148. ^^^| 


iVh 


RitotUB eiternua, nerve supply of, 136. ^^^^| 


Proio7Brt«brB, 192. 


Renal organs. Ste '• Excretory Orgau?." ^^^| 


Protoroi, 367 ; reprodurtion of, a, 267, 


portal system, 239, 334. ^^H 


2791 Duulettr divuign, ao; digestion, 


portal vein, connection with Wolf- ^^H 


272. 


Ban tubule* in anuni, 242. ^^^^| 


Proven tri cuius ot insects, no, 169. 


Reproduction, 277-380 ; in protoBoo, 2, ^^^| 


FiBudamnion of miut»lui, 95. 


3 : in metoMo, 3-5. 377-280 1 aaeiual, ^^M 




279. ^^M 






I'seiidocffil, 69, 7a 


dermis of, 101 ; corpus callosum, 124, ^^^H 






Piolus, direct daTeluptaeal in P, epliip- 


bellum, 126; auditory otwcles, 151, ^^^| 


pifor, 265. 


152 ; cmcum, 176 ; lungi, iSl ; ade- ^^^| 




rotic bonea, 193; vertebnl column, ^^^| 


Pisrygo-quadratB, 208, 209. 


19S ; pi euro- peritoneal ovity, 213; ^^^^| 


Ptibcs, aoa. 


ventricle, 222 ; aortic arches, 227 ; ^^^| 


Pulmonary artery, 230-aia, a36, aaS, 


venous syatem, 338-230 ; meaoiipphros, ^^^| 


333. 235-236. 


243 ; digaative glandt. 373. ^^M 


_ plura, 2:3. 




eacs [ArwLnida), 109. 


bratea. 108 ; anal, in arlhropoda, 109, ^^^| 


«in, 229, 234. 236. 


177 : chorduta, 109 ; accssaocy. io ^^^H 




tsleoBtei, 109 ; bypublastic, invert*- ^^^| 


renal oigan, 108, 338 ; raapiraiiun, 109. 


brate., 177; chordflta, pharyngeal, 177- ^^M 


Purple snail. Stt " latitbina." 


iSo ; intestiDAl, iSo ; air. bladder, 180. ^^H 


Purpiir*. voligor, and origin of nenoua 


iSl ; lungs, 181-1S3. ^^H 


«yBt«m, 114, 165; digestiouof jolk,272. 




Pjt«ngiuni, 2 20. 


ilfltia tcrminalia, 157. ^^H 


Pjlorio ceeca, 175. 


Reticulum, 8. 19. ^^H 


gl«^d^^ 173. 


Retina, invertebrates, 1 53" "57 : '•"«- ^^M 


Pyramids, 136, :34. 






^^H 


QOiDBlTK, 151, 152, 106. 309. 


Ratiuophora, I54. ^^^H 



^M 332 ^^^^^^^^^H 


^B R«tmidia1 cuticuK 156. 157. 


Scapula, ^^H 


^H Ratioidmni, 157. 


Scent glauda, 106. ^^H 


^B liBlinuU, 15.1, 156. 




^B KBtmotor of b«Ib of eye, nerre lupply 


Scbixopoda, auditory orgui, 147. ^^^| 


^H 


Soiacui, acalea 103. ^^^H 


^H Rh>Ulun», ISJ-157. 


Sclerotic boo**, 193. ^^^H 


^H RhiusDMvbxU, 133, 134. 


of«.phal<.pod«,IS3, 156; ofrwKK ^^M 




bratea, 160-161. ^^^H 


^^M RbiDodeTQia, larT«i respiration of, 87. 


Scorpion, direct nuclear dlnaiOB In, 18, ^^H 




19; piilmoaary aita of, 109: wntnl ^^^| 


^M blut, 57. 


»nd Ut«r>l eyea, 153. ^^M 


^^1 Hiba, 199; "trus" ind "f>lie," loo; 


Scrotum, ate, 163. ^^^H 




ScuUb of biida, 103. ^^H 


^H Bobiti {Luuiuu nibicoU), deTelopment 


Soutea of orooodjlea, I03. 193 ; anna- ^^^H 


^^M of tt«tbsn oF, Id, 103. 


dil]oi,io3,i93ilaMrUliti,i93;<aeiUi, ^^H 


^^M Radeatia, pro^ioni.iu of, 86; pUeenU, 


>93- ^^H 


^^1 91 : invenion u[ gertnJDftl Ujera, 93 ■ 


Scyllium, 131, 143, 144, 196, laS. Set ^^H 


^^M Rlonucb. 173 : vnginal tepluui. 153. 


•'D,«.fl.b." ^H 


^^M Roili uU conn o( ntiu^ 159. I64. 


Seypbiatoma, 365. ^^^M 


^H ItnwDPnUlloT'a orgui, 156. 


Scypbomediiuc. 73 ; origin of tniddU ^^^H 


^H KiutruDi, 30a 




^^^ RutifeiB, ■tnTDodn-iiiD sna deriiatkec, 


direct deTelopment. 16J. ^^^H 


^^^^ no ; Dephridift, 337. 238- 


Scypbopolypi, 73. ^^M 


^^^^^H Ruiiad ligament, 33a, 160. 






anatomy of. 73. Stt "Actlnin" ^^^H 


^^^^^H reginn 141 ; it«mAcb, 173; Qwrt- 


ud " Actiiio»»." ^^^H 


^^^^V Z57. 


Seiila |Ph<wid>D|. decidua reflex*. 93. ^^H 








of. 53 ; eil«mal niuaolea. 19O; tartal | 


^H organ, 109- 


■keleton, 194. J 






^^^^^^^ Sacciu endoljoiphaticus, 148. 




^^^^^^B Saj^tta, gcncntiva orgaaa of, J, 363 ; 


SMond mDlal Der*e, 137. ^^H 




Seeaul'a pouch, 1 74. ^^H 






^^H of, 4 ; nrtebnl ooIudid, 197 ; HuUcr- 




^H^ ian duct, 151. 


240, 349 ; fla''", »40. H'i M9 : fo"'. 


^H S*linr7 gtauda, 105, no; of IniccU, 


341. 


^^M 106, no; mnlluaca, 17a 


orpwa, 338, JSa 


^H Salmon (Salmo). kir-bladdor, iSo ; dla- 


lubulea, 343-250, 354 i awwidwy 




tubiilta, 343, 345-348 ; teiticutu iiet- 


^H SalmonidH!, gBnitiU pore, 15S. 






aSS. as6. 








17, »o, 11; frug,3l; moUuKM, 31,34. 








cruitMea, 37, 38, 39 ; iuaeela, 39 ; 


^H pMt«a uf «f«, 161 ; ejelidi, 161 : 




^H pioea] gland and eye, 163; aiial 


newt, frog, 33 ; aturfeon. 33 ; Um] 


^^t akeUton, 196-198; UUIlerian ducta. 


tjp*. 33 34 : eliawohrancb, 33. 35 ; 


^^^^^^ 353 ; ureter, 358 ; di([e»tion by ejii 


f„»l. 36 ; rmbbit, 43. 44. 4S-46 ; bypo- 


^^^^H blaat of bUitoderm. 373. 




^^^^^^1 Scdk media, tjmpani, Teitibuli, 150. 


- — -cavity, 31, 315, 369; DUcleua, IJ. 


^^^^H Boalt*, reptile., 103, 193 ; pliicoid, I03, 


SegmenUlion of body, raet«neri»m, JJ. 


^^^^^H 193 : mania. 103 ; of teleoal*, 193 ; 


74, l4l;oIhe»d, I37-I4l;ofiferteb™l ^^^ 




coluum, 199. J^^^l 



^^^^^^^^^^" ^H 


SagmenUid worms. Stt " Cb(Btopod«." 


SkeleUI tiuuea, 269^ ^^^^H 




Skeletogenoua celU, 269. ^^^H 


" EIumobrancbiL" 






Skaleta-tropbic tinue, 190, 269. ^^^1 


SBrailunnr valvea, 22a. 




Ssmmal gtobuUa or granules, It, 14- 


Skull, 305-211. ^^H 


SeDM organs, 98, 141, 141 ; wrUl cr«iiial 


Slime glands, 106. ^^H 


■eiiHa orgdns, 137-140; taenia orgma, 


Sloth (Pili«a), atomacb, 173. ^^^H 




Smelt (Osmerua), oviduct, 358. ^^H 


I4J; chordata, I42-I45 ; guntatory 




orKM., 14s ; "uditory orgim, inv€r- 


Sonkea (Ophidia), acalea o^ I03 ; pitui- ^^H 


tsbntM, 145-147 ; olionlaU, 147-152 ; 


ttrj body, in ; cloaure of eyelids, ^^^| 


orgtui o£ lateml line, 148 ; Titual 


162 ; aortic archea, 227, 328 ; peraiat- ^^| 


organa, inverlabraUn, ISI-IS7 ; vnrto- 


enb Wolffian duct, 257. ^^H 


bratea, 157-162; epiphjaial (pineal) 




eye, 162, 163 ; eTolution of rartabrste 


Somite, 59, Gl, 192, 211. ^^H 




Speruiatobtaat, 11, 14. ^^H 


gans, 164-167 ; guiUtory otgia of 


Spermatocyat, ^^H 




Spermatogeneaie, 3S0 ; in rat, snail, ^^H 


Sepa, pineal eje, 163. 




Septum aorticum, 221, 








iulermedluiQ, 12I. 


crusUcen, 3 ; sponge, 4 ; hydroid. 4 : ^^H 


lucidum, 125, 132. 


cray&th, 4 ; anail, 4, 1 1 ; electric ray, ^^H 






aupetiua, 221. 


nil, 11, 12; sarthworm, u, 12; ela«. ^^M 




mubranofaa, II, 12. ^^^H 






of ioaecti", 97. 


morula, 11, 14. ^^^^^1 


aa!», 213,262. 


Sperm ofphare, 11, 14. ^^^H 


Serpulfl, meaoblasl of, 54, 56 ; gilU of. 




108; cartiiage in gilla, 194. 


Sphenoidal Gaaure, 207. ^^^^| 


Setie, 146, 202. 


region of oranium, 207. ^^^| 


Seventh cranial nerve, 136, 13S-14I. 


Spicules, alcjonaria, 98 ; apongea, 189, ^^H 


Slutgreen, 192. 


193 ; echinoderms, 190, 192. ^^H 


SIimLs, IhymuB gland, 184 ; oonnBCtioii 




between embryo and parent, 273. 


rnonary aaca, 109 ; tborawc ganglia, ^^H 




116 ; eyea, 153 ; heart. 21& ^^H 


131 ; branobial eense organ, 139; audi- 


Spinal aeceasory nerre, 135. ^^H 


tory organ, 148 ; thyroid body, 184. 


oord, developmeat oF, 116-119; ^^^1 




biatogencsia of, 123-135. ^^H 


gland, of moiluaca, 25, 99, 100 ; of 


Spinning glands, 106. ^^H 


cmatacea, 23S. 


19. ^^H 


Slirimpa, aiiailory organ, 147. 


Spindle, 136, 178, 233 ; "tery of, 235, ^H 


Siluroidea, acceaaory reapinitory organa. 


SpiracuUr cartilage, 20S, 210. ^^^1 




Spiral valve, 175 ; vein of, 234. ^^H 


150, 181 ; pancreaa, 174. 


Splanchnople.ir, 68, 78, 211. ^^H 


Siren, externa] gilla, 179. 


SpondyluB, palUal eyea, 152, 163. ^^^1 


Sirenia, pUceuta, 92 ; absence of Verte- 


Sponge. Stt •• Porifera." ^^^H 


bral epiphyaea, 199. 


Spongy portion of urethra, 262. ^^^^H 


Sinua pneoervicalia, 180, 1S3. 


S]>oroaaca, 263. ^^^^^^^^^ 




Squamatn, placenta, 91, 93. ^^^^^^^^H 


— terminalia, 85, 86, 88, 9I.I'9. a^S. 




226. 


Squid. Stt " LoligD." fl^^^^^^l 


Sinua venoB'ia, 2I9, 221, 224, 125, 234- 


153. ^^^^^^^1 


Sixth cranial nerve, 136, 139-I4a 


Starfish, formation of polar oUa, 10; ^^^| 



^H 334' ^^^^H^^^^^H 








ratory orgaoi, 109 : pitiiitir; body. ^^^H 




III; Dervoui ■jstem, I18 ; erutal ^^^H 




flsmre, 133 ; lobi indriDrM, 117; r^ 


^^m Sternum, 300-301. 




^H Sciem^U of lunicnU, 178. 


BiMtl MD, 143 : MCcMorjr aiidili>r]P ap- 


^H Stolam, 378 : of h;<iroidii. 363. 




^H St..mKb. invertebntei. 169, I70; ohor- 


153. 178; epiderinii, 1661 Diigin of 


^H data, 171-174 : «•". *1»- 


■uditorr MC and ojitio »e-ido, 167 ; 










^^1 Mmoturei dcnred [rnin, ■ lo ; iDvartc- 




^H bnUa. 169, 170. 




^^1 Stratum conieum. 101. 




H MJpiphii, 10., 


Kalaa, 193; paroat«l booea, 193, aio; 




■elerolie bouM, 193 ; Tertebral oolumii, 




196. 197: rit*. 199; peetond girdl., 


^H 1S3; lub-Tertabnl Hgmutat, iSS : 


30I. aot ; caudal fio, 303 ; cranium. 


^H aiuU (keUtoii, 194, 196 ; etandci. 




^H 301 ; ranal diicU uh) OTiducta, 15& 


bunea of akiill, no ; diaphragm, 313 ; 


^H StuHo. &( "StUI^WD." 


abdominal pore*, 114, ijS, 364 ; bMrt, 


^H 8t;rloa;chi» eonjugittiun, 3. 




^^^ SubcliTUn artery, 3x4. 136, 137. Ijt, 


arolieB, 135 ; pronepUnw, 140, 348 ; 


^H 3j6 : *<iin, 134. 118-129, 333. 333. 


meeotifphrcM, 340 ; gflnentita dueU, 






^^1 Sub-notochordal rod, 1S8, 191, 340, 343. 




^^1 Sub-vtrtabral ligunrat. 1S8. 


'}. 31. 33 ; g"trul»tion. 34. 33- | 


^^M Subxinml membiue, 79, Si, &#, 87, 90, 


Tempore lob«, 134. ^^H 


^^B Sudariferoiu gUndi, 107. 


TiQth cranial nerie, 135, ISS-UI. ^^^H 


^H Suiaa, plaocnta, 91. 


Tuticular network, 155. 156. ^^^| 


^H Sulci of oerabrsl beini>^her«i, 133. 


Tr«li> (t«tUc1e). S. 160, 361, 363. ^^H 




Tetraceroa, placenta, 93. ^^^H 




ThaIameDcephiao>>,I34-ll$,ll7.154,l58. ^^H 


^M 33S. 338, 319. J3I-S33. »J4- 


Tlielfblart. 14. ^^H 




Tbb^ crani.) narro. 137. I39-I4I- ^^M 


^H obliqus •js-mu(cle, avrra of. 137. 


TwitricK 114-135, 138-134- ^^^H 


^H (uitwior) Ttrtebrel Tsioi, ItS, 339. 


Thoiwieatntj. 313. ^^^H 


^^1 Siipni'bmKlual iMrre, 138. 


Thorax (ioHcta), 147. ^^H 


^M oUTicle, 30I. 


Thrwd-nlli, 99. ^^H 




Thjroid, in. 173, rSj, 1S5, 110. ^^^H 


^H pariardiiil bodio, 1S4- 


TbjToid.«i *.«.«.! cjelt, 17a, 1841 ^^M 


^H Suprarenal bodjo., 140. 358-359. 


Tttr; or, 135. ^^M 




Thyaiu. gland, 139. 184, 185. ^^M 


^m Sw»t gtandl, 106 1 oiiiMte H)>rei a( 108. 


Toad. S<t •• Bo<n>.iuator," ■• Bufm'- ^^H 




Tongue, 181-184- ^^^H 


^m Srmpiootio, 151. 


I'urtuiaa (I'Mtudo), anal aaca, 113. ^^^H 


^H SfnaDgium, 3K>. 


abell, 103. ^^^H 






^H BriMmic uHtic uvb, 333. 


Trabecule erauii, 105. 106. ^^H 


^H 


Trabecular region of biad. 14I. ^^^H 


^H TiCTILK organa, 141. 


TracliM (of langa), i8r. iSj. 174. ^^H 


^F T.il, 74. 7S. 77- 




H T«|.told. 39. 




H T.«U-b»d«, 183. 




^H TMtb, dsnlopmeDt of, 103 ; nilk-teaib. 


IM, 169. ^^B 


V 104 : horn; toatl., loj. 






^H 
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TwcbymeciuKe, auditory organ, 145, 146. 

Trager, 95- 

Traguliua, pl&ceoU, 9a. 

Tnntition*! cell* of epidermU, loi. 

TricUite. {ot >poiigB.), 193. 

Tricboplai, 23. 

Trigflminai nerve, 136, 13S-I4I, 307- 

Trionji, bUxUipore, 44 ; [ormatioii ol 

blutopora, 65, 6g ; nutocbord, 1S6- 

iSS. See " Cbeloiiia." 
Tripoblutic argniiiBm, a68. 
Tricon. Ste-Stwt." 
TrityloduD, panetnl furameD, 129. 
Troobiear DCT'e, 137, 139-141- 
Truut (Trutta), thfrnus gland, 1S4 i pro- 









u aUrioBus, 110-232, 226, 327,234. 
Tuber duerBum, 127. 
Tuberoulum impar, iSj. 
TiibulideiiUta, plnceaU, gt. 
Tunica Tagioalii, 213. 
I'liiiioata, meaoderm of, 60 ; neural canal. 
117 ; neural pore, 117 ; auditory organ, 
147, 148 ; pineal gland, t6j ; pharynx 
(brancbial aac<, 173 ; endoityle, 172; 
fold in intestine, 175 ; oaeiual repro- 
duction, 178; viiperal clefii, 177; 
UriuiD, 177, 1 78; notocbord, 1S6, )88. 
Tiirbellaria, tpidenoal rodi, 99 ; gaatrie 
■JiTorticule, 168 ; origin uf kiubI cella, 
163 ; intracellular digeation, Z73. 
Tiirbinal bonei, 143. 
Turtle, pharyngeal rrqiiratim, iSa See 

•' Trionyi." 
Twelfth cranial nerve, 135, 140, I4I. 
Tylopoda, placenta, 92. 
Tympanic cavity, 151. 
I'ytnpanum of bexapoda, 147 ; elumn- 
brancbe, ijo ; aropbibia, matDOuJa, 
151 ; tel™.^ 18.. 
Typbltaola, 175. 

UiiBiLio*L«rtery,23i,237;veiii,J33,237. 

cord, 84. 2S9. 

veeicle, 78. 2JI. 

UmbilicuB, 171- 174. 

Urachui, 87, 359, 260. 

Uret«r, 246, 247 ; uretari of elaamabran- 

chia and ampLia, 356 ; aruniaU. 3j8. 
Urethra, 360, 36: ; varioui regionii of 

''uretbr«"of male, 262. 
Urioir; bladder, S7, 112, 1E8, 359. z6o ; 

bomolog; of. 87, 259 ; of Giliw, 359 ; 

amphibia, 87, 330, 259 ; of amniuts, 

359. ^^ i veina, 230, 234. 
Urotjbordata, notocbord of, l36. 
UroojM, 87j 330, 3S9, 376. 



U'rodnun, 1 la, 350. 

Urodjrla, cpibliat of. loo, l£6 ; aitamal 
gilU lit lariEB, log ; pineal gland, 129 ; 
mucoui canal* of head. 13G, 139; re- 
duction of risceral otefti, 139 -, eu!u- 
mella, 153; reipiratory organ*, 179; 
rertebrai column, 197-198; median 
Qn, 103 ; tail, Z04 ; byoid, zio ; aortic 
arehsi, 333-335 ; aegmeotal duct, 339; 
urogential apparatiii, 155, 356. 

Urogenital duela o( vertebrate*, JJo ; 
■egfnental duct, 2J1 ; HilUerian duct, 
ZJI : oviduct, 251, ajz ; of maia- 
tlieiia, 251 ; of eutheria, utcrui, 252' 
3S4; WolOan duel, 254; vaadeferrn*, 
256 : generative ducta of gwiuida and 
tel«'>*ta, 358 : metan^pbrie ureter. 35S ; 
urogenital aioui, 353, 35J, 158, 159 ; 

linua, prototharia, 253, 353 ; meU- 

theria, 353; eutheda, 153-363. 

Uro«.yl«, 198, 304. 

Utflriu* gland* (and milk), 90. 

UteriK, 5 ; of Blaaaioliranahs, 95 ; of 
liurda, 84 ; of mimmal*, 84, 87, 93- 
94, 96, 3J2 ; uteri of nietatlieria, 353, 
SS3 ! of eulheria, 153. "54. '6o ; bimian 
anomaly, 253, 254 ; bipartitua, 353 ; 
duplex, 353;«mpl«x. 253. 

Uteru* maieulinu*, 3J4, 357, 360, 363. 

UtricutuB, 149. 

Vaoina, 353-354 ; vaginoiof metatheria 
25'. 353 1 vaginal cGccum, 353; vaginu 
of eutJieria, 353, 360, 361; vaginal 
■eptnm, 353 1 double butnan anonialf, 
253. 254- 

V^igue oetve, 13;, 138-I4I, 207. 

Valvra of heart, 319-333 ; of «auu« 

Valvutn conniveuteB, I76. 

Vane of featbara, toi, I03. 

Varanue, (uncal ejr, 163, 

Vaaa abrrrentia, 356, 157, 360. 

effereutia, 337. 254-357. 

Vaacular ayatem, 70, 314; development 
of blood. reaael*, 314. 370, 371 ; fomin- 
tion of hearl, invertebrate*, 215; ver- 
t«brat«a, 317, 370; development of 
vancular ayatem in vertebrate*, 323 ; 
early ataga* in embryooio circulation, 
324 ; vitelline cireulatioB, 23& j later 
atage* of vitdlina oirenlation, 236 ; 
veiial portal By*tem, 339 ; hrpatio 
portal ayatem, 339 ; aIhintot« eircula- 
tioo, 330 ; circulation in icbtfajopiida, 
23a ; lumnaij of luitorjr of aortic 



INDEX. ^^^^^^^^^ 






oireuIktioQ o( (<bU1 munouU, 335. 


VMiculu Mill of moUuKa, 37a ^^H 


Tu deferaiu, 356, 361. 


VeaifiuUta bjdrorawlusB, auditor; OTgm ^^^| 


V«iI«UT« ti»..«. 169. 


'45- ^H 


Voliger Urm ot maltuNft, 99, 108, 1 14. 


VeatibiUe, 159. ^^B 


Telum (UoUiuc), 99, aOi ; DWduw, 145. 


Viaceral archei, 107. ^^H 


(46. 


Cletu, 73. 77, 114 IJS. 138. 141. ^^1 


Ti!ii> un, infsrior, 320-111, ll^-lj}. 


■ ■7-iSo, 18} ^H 


»34. 136 ; ■upwior. 1K>-Ma, 118. M9. 




i33-»36. 


canlium. 113. ^^M 




Viwal or^ni, iSi-167. ^^H 




pigmeDt, 153, 157. ^^^1 




Vit^ui., G. ^H 


VentriculM »eptulil, 110-113. 


VitelliT.4 arteriM, 313-316, 13I. ^^1 


Ventricle of hurt, 195, 119, 224. 






peniatenceinman, t7t:4ndbirda,t7I. ^^H 


reproduction, 378, 


membraneK,9,Sl. ^^H 


Vennitonn •pptndii of cncum ia pri- 


veint, S5, 133, 1>S. 319, 134-31G, ^^H 


HUM* and wombat, 176. 


319, 134- ^^H 




Vitreoua bodf, 155. ^^M 


Vertebral ut«ry, 116, 117. 


bniaour, 161. l^^l 




Viiiparoua Ikardi, 84- ^^^| 




Vomer. 310. ^H 


198; eTotutioQ of, 199. 




region of he«d, I4r. 


ValTa,3<<0. ^m 


rudimeut, I^I, 191. 




Vertabntca, germioal epithetium, 5 ; 


Wabslee (Sflm), Mnbrroaie mem- ^H 


primitJTa geno celU, 6, i6j ; ■gg- 


braoM ot, S3. ^H 




Water-beetle, larral ej^ 153. ^H 
















duct, 243-347. as». »H-»6o ; »"- 


^^^H ;olk »ck, 95; opiblatt. 100-101; 






iwrtioa in adalC, 156-157, 360 ; 1— 




defereoa, 356. 


^F 116-, bnuD, 111; lunl not, 143: 


ridge, 304. 


^H poatarior nawi, 144; •". >4«-"5' ; 


lul™l«L Sa "Segmental tub«l«." 




Wombat (PhMcolomji), Tertniform ap- 


^B ejaa. 77. i6j : ''«'. •731 P»ncr»". 


pendii u( nocum, 176. ^^H 


^H 174 : intatina, 17s ; KtU-cletti, 17S ; 


Wonna. &« " Verme,," "Clmtopoda," ^H 




"PUtjhelmiDtlu." ^^1 


^M bral (uluQiD, 194. >95; *m^ 'i'". 






Xiphoid, 100. ^^H 






^V alcnll, »5 ; iiw«uii«7, lli ; formation 


You, 5. 6 ; of Kr^ 6, 37 : aifertiaB ^H 


^fc^^ ofWood, 115; li«art, 317; nacular 








^^^^H MCua, 137. >39. 24A. '50; ■»•«>- 


Tolk gland, of pUtjhelmintki, 6. ^H 




plus. 33- ,^B 








-c, 39. 46- 78-9* «3t. ^^M 




Zo»iprilucid.lZon.,«ii«.),7.9,43,84. ^^M 
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